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PREFACE, 


Thb  following  Lectures  were  addressed  to  a  Soci* 
ety*  of  practical  agriculturists,  many  of  whom  pos- 
sessed no  knowledge  whatever  of  scientific  Chemis- 
try or  Greology.  They  commencei  therefore,  with 
the  discussion  of  those  elementary  principles  which 
are  necessary  to  a  proper  understanding  of  each 
branch  of  the  subject.  Every  thing  in  such  Lec- 
tures, which  is  not— or  may  not  be — easily  under- 
stood by  those  to  whom  they  are  addressed,  is  Worse 
than  useless.  It  is  my  intention,  therefore,  to  em- 
ploy no  scientific  terms,  and  to  refer  to  no  philoso- 
phical principles,  which  I  have  not  previously  ex- 
plained. Having  been  requested  to  publish  these 
Lectures  for  the  benefit  of  practical  agricQlturists  in 
general,  I  have  endeavoured  to  adapt  them  to  the 
average  knowledge  of  that  class.  To'  many  who 
may  take  up  the  later  Lectures,  some  points  may 
appear  obscure  or  difficult  to  be  fully  understood ; 
such  persons  will,  I  hope,  do  me  the  justice  to  begin 
at  the  beginning,  and  to  blame  the  author  only  when 
that  which  is  necessary  to  the  understanding  of  the 
later,  is  not  to  be  found  in  the  earlier  Lectures. 

*  The   Durbam  Cuaoty  Agricultural  Society,  and  the  Member*  of  th« 
Dorfaam  Farmen'  Club. 


VI  PRBFACB* 

Thoee  who  possess  a  certain  amount  of  chemical 
knowledge  will  derive  much  benefit  from  a  perusal 
of  Liebig's  "  Organic  Chemistry,  in  its  applications 
to  Agriculture  and  Physiology ;"  and  from  "  Three 
Lectures  on  Agriculture,'^  by  Professor  Daubeny,  of 
Uxford. 

For  the  sake  of  clearness,  I  have,  in  the  following 
pages  divided  the  subject  intoyour  parts,  the  study  of 
each  preceding  part  preparing  the  way  for  a  coip- 
plete  understanding  of  those  which  follow.  Thus  the 
first  part  is  devoted  to  the  organic  dements  and  parts 
of  plants,  the  nature  and  sources  of  these  elements, 
and  an  explanation  of  the  mode  in  which  they  be- 
come converted  into  the  substance  of  plants — the 
second  to  the  ifiorganic  elemenU  of  plantSi  compre- 
hending the  study  of  the  soils  from  which  these 
elements  are  derived — wixh  the  general  relations  of 
geology  to  agriculture — the  third  to  the  neOure  of 
manures  J  by  which,  soils  are  made  more  productive, 
and  the  amount  of  vegetable  produce  increased — 
and  the  fourth,  to  the  reauks  of  vegetation — ^to  the 
kind  and  valvie  of  the  food  produced  under  different 
circumstancesH^^nd  its  relation  to  the  growth  of  cat- 
tle,.and  to.  the  amount  and  quality  of  dairy  produce. 

By  this  method  I  have  endeavoured  to  ascend 
from  the  easy  to  the  apparently  difficult ;  and  I  trust 
that  the  willing  and  attentive  reader  will  find  no 
difficulty  in  keeping  by  my  side  during  the  entire 
ascent*. 

Zhrham,  1841. 
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ON  THE  OROANIC  ELEMENTS  OF  PLANTS. 


LECTURE  I. 


laiportaiioe  of  Agricultura — Relation  of  tbe  growth  of  food  to  tbe  popula- 
lation  of  Great  Britain— Recent  progroM  and  protpeeu  of  EngKsh  Agri* 
culture — Application  of  Cbemical  and  Geological  Scieoce  to  the  art  of 
culture — to  tbe  improvement  of  sollti— >ihe  rotation  of  crops — the  ap- 
plication of  manurei,  &c. — Outline  of  the  Course  of  Lectures — ^Number 
and  nature  of  the  elementary  bodies— Tbe  organic  elements  Carbon, 
Hydrogen.  Oxygen,  and  Nitrogen,  their  properties  and  their  relatioQS  to 
vegetable  life. 

Wbrb  I  about  to  address  you  in  a  single  or  detached  Lec- 
ture only,  1  should  think  it  my  duty  to  select  some  one 
branch  of  the  art  of  culture  for  special  illustration,  and  with- 
out  much  introductory  matter  to  proceed  at  once  to  the  ex- 
position of  the  principle  or  principles  on  which  it  depended. 
As  the  present,  however,  is  only  the  first  of  a  Series  of 
Lectures  I  hope  to  have  the  honor  of  delivering  to  you^ 
I  may  be  permitted  to  introduce  my  subject  with  a  few 
prefatory  remarks,  which  will  here  find  their  appropriate 
place. 

In  regard  to  the  importance  of  Agriculture  it  may  appear 
superfluous  in  me  to  address  you.  That  art  on  which  a 
thousand  millions  of  men  are  dependent  for  their  very  sus- 
tenance— in  the  prosecution  oi  which  nine-tenths  of  the 
fixed  capital  of  all  civilized  nations  is  embarked — and  pro- 
bably two  hundred  millions  of  men  expend  their  daily  toil 
— that  art  must  confessedly  be  the  most  important  of  all ; 
the  parent  and  precursor  of  all  other  arts.  In  every  coun- 
try then,  and  at  every  period,  the  investigation  of  the  prin- 
ciples on  which  the  rational  practice  of  this  art  is  founded, 
ought  to  have  commanded  the  principal  attention  of  the 
greatest  minds.  To  what  other  object  could  they  have 
been  more  beneficially  directed  1 

But  there  are  periods  in  tbe  history  of  every  country 
when  the  study  of  Agriculture  becomes  more  urgent,  and  in 
that  country  acquires  a  vastly  superior  importance.  Wheu 
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a  tract  of  land  is  thinly  peopled,  like  the  newly  settled  dis- 
tricts of  North  America,  New  Holland,  or  New  Zealand,  a 
very  defective  system  of  cuhure  will  produce  food  enough 
not  only  for  the  wants  of  the  inhabitants,  but  for  the  partial 
•upply  of  other  countries  also.  But  when  the  population 
becomes .RUMw  dense,  the  same  imperfect  or  sluggish  system 
will  no  longer  suffice.  The  land  must  be  better  tilled,  its 
special  qualities  and  defects  must  be  studied,  and  means 
must  gradually  be  adopted  for  extracting  the  maximam 
produce  from  every  portion  susceptible  of  eultiration. 

Tiie  British  islands  are  in  this  latter  condition.  Agrieal- 
ture  now  is  of  vastly  more  importance  to  us  as  a  nation, 
than  it  was  towards  the  close  even  of  the  last  century.  In 
1780,  the  island  of  Gr^at  Britain  contained  about  9  millions 
of  inhabitants ;  it  now  contains  nearly  20.  The  land  has 
not  increased  in  quantity,  but  the  consumption  of  food  has 
probably  more  than  doubled.  The  importation  from  abroad 
nas  not  increased  to  any  important  extent ;  by  improved 
management,  therefore,  the  same  area  of  land  baa  beeo 
caused  to  yield  a  double  produce. 

But  the  population  will  continue  to  increase ;  can  we 
expect  that  the  food  raised  from  the  land  will  continue  to 
increase  in  the  same  ratio  1  This  is  an  important  question, 
to  which  we  can  give  only  an  imperfect  and  somewhat  un- 
satisfactory answer. 

The  superficial  area  of  Great  Britain  comprises  about  S7 
millions  of  acres,  of  which  34  millions  are  in  cultivation, 
about  13  millions  are  incapable  of  culture,  and  the  remain- 
ing 10  millions  are  waste  lands  susceptible  of  improvement. 
The  present  population,  therefore,  is  supported  by  the  pro- 
duce of  34  millions  of  acres,  or  every  34  acres  raises  food 
for  about  20  people.  Suppose  the  10  millions  of  acres 
which  are  susceptible  of  improvement  to  be  brought  into 
such  a  state  of  cultures  as  to  maintain  an  equal  proportion — 
the  most  favourable  supposition — ^they  would  raise  food  for 
an  additional  population  of  about  6  millions,  or  would  keep 
Great  Britain  independent  of  any  large  and  constant  foreign 
supply  till  the  number  of  its  inhabitants  amounted  to  26 
millions.    But  at  the  present  rate  of  increase  this  will  take 
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place  in  about  20  years,*  80  that  by  1860,  unless  some 
general  improvement  take  place  in  the  agriculture  of  the 
country,  the  demands  of  the  population  will  have  com- 
pletely overtaken  the  productive  powers  of  the  land. 

But  though  we  cannot  say  how  far  the  fertility  of  the 
soil  may  be  increased,  or  how  long  it  may  be  able  to  keep 
a-head  of  the  growing  numbers  of  the  people,  we  have 
our  own  past  experience,  the  example  ot  other  countries^ 
and  the  indications  of  theory,  all  concurring  to  persuade 
us  that  the  limit  of  its  productive  powers  can  neither  be 
predicted  nor  foreseen. 

If  we  glance  at  the  history  of  British  agriculture  during 
the  last  half  century — ^from  the  introduction  of  the  green- 
crop  system  or  the  alternate  husbandry  from  Flanders  into 
Norfolk,  up  to  the  present  time — we  find  the  result  of  each 
successive  improvement  more  remarkable  than  the  former.. 
The  use  of  lime,,  a  more  general  drainage  of  the  soil,  the 
invention  of  improved  ploughs  and  other  agricultural  im- 
plements, as  well  as  the  introduction  of  better  and  more 
economical  modes  of  using  them,  the  application  of  bone 
manure,  and  more  recently  of  thorough  draining  and  sub- 
soil ploughing,  have  all  tended  not  only  to  the  raising  of 
crops  at  a  less  cost,  but  in  far  greater  abundance,  and  on. 
spots  which  our  forefathers  considered  wholly  unfit  for  the 
growth  of  corn. 

The  result  of  each  new  improvement,  I  have  said,  has 
seemed  more  astonishing  than  the  former.  For  after  a 
waste  piece  of  land  has  been  brought  into  an  average  state 
of  productiveness,  we  are  not  prepared  for  any  great  im- 
provement upon  it  by  new  labours ;  nor  could  we  readily 
Delieve  that,  half  a  century  after  such  land  had  been  in 
culture,,  its  produce  or  its  value  should  at  once  be  doubled^ 
by  a  better  draining,,  a  deeper  ploughing,  or  by  sprinkling- 
on  its  surface  a  small  quantity  of  a  saline  substance  im« 
ported  from  a  foreign  country. 

Yet  the  ei^ample  of  the  Chinese  shows  us  that  the  pro^^ 

*  For  more  precife  data^aod  calculations,  mo  PorUr!i  Progre9$  of  tk^ 
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dtictive  powers  of  the  soil  are  not  to  be  easil  j  estimated. 
KothiDg  repays  the  labours  of  the  husbandman  more  fully 
than  the  willing  soil— ^nothing  is  more  grateful  for  his  at- 
tention, or  offers  surer  rewards  to  patient  indttstry,  or  to 
renewed  attempts  at  improvement. 

In  China  we  see  a  people  whom  we  call  semi-barbarians, 
multiplying  within  their  own  limits  till  their  numbers  are 
almost  incredible ;  practising  from  the  most  remote  ages, 
and  in  the  most  skilful  manner,  various  arts  which  the  pro- 
gress of  modem  science  has  but  recently  introduced  into 
civilized  Europe  ;  cultivating  their  soil  with  the  most  assi- 
duous labour,  and  stimulating  its  fertility  by  means  which  we 
have  hitherto  neglected,  despised,  or  been  wholly  ignorant 
o^bnt  which  the  discoveries  of  the  present  time  are  point- 
ing out  as  best  fitted  to  secure  the  amplest  harvests — and 
have  thus  been  enabled  to  compel  their  limited  soil  to  yield 
a  sufficient  sustenance  to  its  almost  unlimited  population.* 

Experience  and  example,  therelbre,  encourage  us  to  look 
forward  to  still  further  improvements  in  the  art  of  culture, 
and,  independent  of  such  as  may  be  derived  from  purely 
mechanical  principles,  theoreticalchemistry  seems  to  point 
out  the  direction  in  which  important  advances  of  another 
kind  may  reasonably  be  anticipated.  The  Chinese  are  said 

*  An  intelligent  correspondent  reminds  ine  that  tbe  agricultural  skill  of 
the  Chinese  is  questioned  by  recent  writers  on  the  customs  of  tbat  country. 
Tbts  doubt  is  founded  chiefly  on  the  rudeness  of  their  agriculuiral  imple- 
menti  and  the  scarcity  of  cattle,  whether  horses  or  cows,  among  them.  But 
in  this  densely  peopl^  country  the  hoe  they  employ  serves  the  parpoaa  of 
every  other  implement  {Davit* $  China,  i\.  288),  and,  where  the  place  of 
cattle  is  supplied  by  an  equivalent  number  of  men,  there  can  be  no  com- 
parative want  of  valuable  manure.  The  population  of  China,  however, 
IS  probably  not  so  dense  in  all  the  provinces  as  it  has  hitherto  been  sop- 
posed.  Many  writers  have  estimated  the  entire  population  at  300  mitlions, 
while  recent  statists  reduce  it  to  175  millions.  Taking  even  the  higher 
estimate,  the  population  is  not  more  dense  than  in  England  and  HoUaod^ 
the  area  of  China  proper  being  1,200,000  square  miles,  or  eight  times  thet 
of  France.  It  is  considerably  less  dense,  indeed,  if  we  take  into  account 
the  number  of  horses  and  cattle  which  in  Europe  are  reared  and  fed  on  the 
produce  of  the  land.  We  may  hereafter  expect  more  accurate  information, 
however,  especially  regarding  the  interior  of  this  iotereeting  coontiy.— -iSe* 
Appendix  A. 
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to  be  not  only  familiar  with  die  relatiye  value  and  efficien- ' 
cy  of  tbe  varioua  manures,  but  also  to  nndeiBtand  how  to 
prepare  and  apply  without  loss  that  which  is  best  fitted  to 
stimulate  and  support  each  kind  of  plant.  How  far  this 
statement  is  exaggerated  we  are  unable  at  present  to  deter- 
mine, but  it  is  iti  this  direction  that  chemistry  appears  like- 
ly to  promote  the  advance  of  European  agriculture.  The 
Cctical  farmer  already  rejoices  in  having  in  one  ton  of 
16  dust  tbe  equivalent  of  14  tons  of  farm-yard  manure ; 
some  of  the  most  skilful  living  chemists  predict  that  me- 
thods will  hereafter  be  discovered  for  compressing  into  a  still 
less  bulky  form  the  substances  required  by  plants,  and  that 
we  shall  live  to  see  extensive  manufactories  established  for 
the  preparation  of  these  condensed  manures.* 

Thus  much  may  be  said  in  regard  to  the  future  hopes  and 
prospects  of  scientific  agriculture.t    But  how  few  practical 

*  Should  tbe  opinions  above  ex|>resaed  appear  too  Bang^uiDe  to  tome,  or 
be  treated  by  any  of  my  readers  at  merely  theoretical,  1  would  refer  them 
to  the  words  of  Mr.  Smith,  of  Deanstoo,  the  inventor  of  the  subtoil 
plougbi  and  the  introducer  of  the  greatest  practicalimproTeraeot  in  mo* 
dem  agriculture.  After  stating  that  at  least  Aree'fourthiof  the  whole  ara- 
ble land  in  the  eoitntry  ie  under  weryind^erent  euHure,  chiefly  firom  the 
want  of  complete  draining  and  deep  working,  and,  adverting  to  the  increased 
produce  it  may  be  made  to  yield,  he  says,  "  it  is  not  at  all  improbable  that 
Britain  may  become  an  exporting  country  in  grain  in  tbe  course  of  the  ne&t 
twenty  years." — Remarks  on  thorough  draining  and  deep  ploughing^ 
by  James  Smith,  Esq.^  o/  Deanston  Worke^  p,  23.  Were  the  popula- 
tion to  remain  stationary,  Mr.  Smith  may  be  right ;  at  all  events,  this  opi- 
nion shows  that  even  practical  men  do  not  despair  of  attaining  to  a  pitch  of 
Improvement  in  agriculture  which  theoretical  writers  dare  not  venture  to 
predict. 

But  among  all  persons  of  enlarged  information  a  similar  opinion  pre- 
vails. Thus  the  eloquent  author  of  a  recent  work  en  the  principles  ot  po> 
Eolation  says,  *'  the  single  alteration  of  sobstitotinj^  the  kitchen-garden  hue* 
sndry  of  Flanders  in  our  plains,  and  the  terraceid  culture  of  Tuscany  in 
our  hills,  (br  the  present  system  of  agricultural  management,  would  at  once 
double  the  produce  of  the  British  Islands,  and  procure  ample  subsistence 
for  twice  the  number  of  its  present  inhabitanu." — Alieon^e  Principles 
of  Populalion^  I.  p.  2 16.  These  hopes  are  not  to  be  rejected  or  suppressed ; 
for,  though  they  may  never  be  fully  realiied,  yet  they  are,  as  it  were,  the 
seeds  of  exertion,  from  which  ample  harvest  of  good  may  hereafter  ba 
veaped* 

\  Those  who  have  access  to  the  Journal  of  the  Royal  English  Agri- 
cultural Society  will  find  in  the  first  number  a  paper  by  Mf*  Pusey, 
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men  are  acquainted  with  what  is  already  known  oftheprin- 
ciples  of  the  important  art  by  which  they  live !  Trained  up 
in  ancient  methods — attached  generally  to  conservative  prin- 
ciples in  every  shape — the  practical  agriculturists,  as  a  body, 
have  always  been  more  opposed  to  change  than  any  other 
large  class  of  the  community.  They  have  been  slow  to  be- 
lieve in  the  superiority  of  any  methods  of  culture  which  dif- 
fered from  their  own,  from  those  of  their  fathers,  or  of  the 
district  in  which  they  live — and,  even  when  the  superiori- 
ty could  no  longer  be  denied,  they  have  been  almost  as 
alow  to  adopt  them. 

But  the  awakening  spirit  of  the  time  is  making  itself  felt 
in  the  remotest  agricultural  districts;  old  prejudices  are  dy- 
ing out,  and  the  cultivators  of  this  most  ancient,  most  im- 
portant, and  noblest  of  all  the  arts,  are  becoming  generally 
anxious  for  information,  and  eager  for  improvement.* 

Two  circumstances  have  contributed  to  retard  the  ap- 
proach of  this  better  state  of  things. 

In  the  first  place,  the  agricultural  interest  in  England  has 
hitherto  expended  its  main  strength  in  attempting  to  secure 
or  maintain  important  political  advantages  in  the  state.  The 
encouragement  ofexpeiimentalagriculturehasbeen  in  gene- 

**  On  tbe  present  state  of  the  science  of  AgricuUare  in  England,"  in  which 
much  valuabie  information  is  contained,  and.of  a.  more  practical  kind  than 
I  have  been  able  to  introduce.  This  paper  ougl)t  to  be  printed  in  a  sepa- 
rate form,  and  circulated  widely  among  those  who  are  not. members  of  tbo 
Royal  English  Agricultural  Society. 

*  This  opinion  has  been  confir^ned  hy  the  oumaroiis  communications  I. 
have  received  from  all  parts  of  the  country  since  the  publication  of  theee 
Lectures  was  announced,  and  in  whidi.I  am  assured  that  the  want  of 
knowledge  is  generally  felt,  and  a.  supply  ip  a  8u(!iciently  elementary  form 
desired,  by  all  classes  of  agriculturists.  I  conclude,  therefore,  that  Liebig 
means  the  following  sentence  to  apply  lo  his  German  countrymen  :„  **  Wha( 
can  be  expected  from  the  present  (generation  of)  farmers,  which  jecoils  with 
seeming  distrust  and  aversion  from  all  the  means  of  assistance  ofiereil  it 
by  chemistry,  and  which  does  not  underptand  the  art  of,  making  a.rationa| 
application  of  chemical  discoveries.,"  I  do  not  think  chemists  ought  in 
fiiimess  to  blame  the  practical  agriculturists  for  not  understanding  the  art 
of  applying  chemical  discoveries  to  the  improvenient  of  the  culture  of  the 
lancf.  They  must  first  know  what  the  discoveries  are;  and  the  error  baa 
hitherto  been,  that  no.  steps  have  been  taken  to  diSuse  this  preliminary. 
|i;po)irledge. 


aDIBNTIFIC  A«RICULTVBE  NOT  1CA1WIBT.  9 

sal  neglected,  whiletbe  difTuaionof  prmctical  knowledgebas 
"beeii  either  wholly  overlooked  or  considered  sabordinate  to 
other  obiecta.  No  national  efforts  have  been  made  for  the 
general  iroprorement  of  the  tnethode  of  culture.  While  for 
the  other  important  classes  of  the  com  munity  special  schools 
have  been  established,  in  which  the  elementsof  all  the  branch- 
es of  knowledge  most  necessary  for  each  class  havebeen  more 
or  less  completely  taught,  and  a  more  enlightenedi  because 
better  instructed,  race  of  men  gradually  trained  up,  no  such 
sdiooJs  have  been  instituted  for  the  benefit  of  the  agriculturist, 
la  onr  Universities,  in  which  the  holders  of  land,  those  most 
interested  in  its  improvement,  are  nearly  all  educated,  a  les- 
son upon  agriculture,  the  right  arm  of  the  State,  has  hitherto 
scarcely  ever  been  given.*  With  the  practice  of  the  art,  the 
theory  has  also  been  neglected.  Scientific  men  have  had  no 

*  However  catiified  yeung  men  may  be  to  avotd  tbe  labour  of  additional 
atudy  while  at  CoUe^,  bow  many  in  after-Iife  regret  tbat  tfaeir  early  atten- 
tion had  not  been  directed  to  «oroe  of  those  branches  of  knowledge  which 
are  applicable  to  common  life.  Thus  the  late  Lord  Dudley,  in  his  letters  to 
the  Bbbop  of  LlandafT,  invariably  laments,  "  as  mistakes  in  his  early  life, 
liis  oaacquaintance  with  the  rudiments  of  agricultare — his  ignorance  of  bo- 
laoy  and  geology."-— (See  also  a  note  to  the  review  of  these  Letters  in  the 
Quarterly  Review  for  December,  1840.) 

For  this  state  of  things  we  shall  soon  have  at  least  a  partial  remedy.  It 
Ss  a  remarkable  iiict  that  nearly  all  the  new  educational  institutions  of 
the  iiigber  class,  eu  the  Continent  of  Europe,  of  which  so  many  have  beea 
founded  within  the  present  century,  and  all  those  which  have  been  estab- 
lished in  America,  I  believe,  without  exception,  have  incorporated  into  their 
course  of  general  study  one  or  more  of  the  newer  sciences.  Can  we  have 
a  more  oonsentaneous  and  universal  testimony  to  their  value  and  impor- 
tance than  this  7  The  University  of  London  has  been  induced,  by  the  same 
public  demand  for  this  species  of  instruction,  to  include  Chemistry  and 
Botany  in  its  course  of  arts ;  and  circumstances  only  have  caused  Gre- 
ology  to  be  omitted  for  a  time.  Its  numerous  affiliated  institutions  have 
followed  its  steps;  and  hence  the  Catholic  College  of  St.  Cuthbert, 
at  CTshaw,  has  in  this  respect  anticipated  its  Protestant  neighbor  at  Dur- 
ham. 

But  should  the  agricultural  interest  rest  satisfied  with  this  introduction 
of  one  or  two  branches,  suppose  it  generally  done,  into  the  University  course 
of  study  7  Many  are  of  opinion  that  it  ought  not,  and  that  the  general  in- 
terests of  practical  agriculture  wou!d  be  manifestly  promoted,  among  other 
means,  by  the  establishment  of  agricuhural  colleges,  in  which  all  the 
branches  necessary  to  be  known  by  enlightened  agriculturists  of  every  class 
should  be  specially  and  distinctly  uughc    Whether  such  Colleges  might 
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inducement  to  devote  their  time  and  talents  to  a  subject 
which  held  out  no  promise  of  reward,  either  in  the  shape  of 
actual  emolument  or  of  honorary  distinction.  And  thus  has 
arisen  the  second  of  those  circumstances,  by  which  I  con* 
sider  the  approach  of  a  better  state  of  things  to  have  been 
retarded — namely,  the  want  of  an  Agricultural  lAterature, 

With  the  exception  of  a  small  number  of  periodical  pub* 
lications,  none  of  these  even  too  well  supported,  by  which 
attempts  have  been  zealously  made  to  diffuse  important 
information  among  the  practical  farmers—- it  cannot  be  de- 
nied that  the  press  has  not  been  encouraged  to  do  its  ut<- 
most  on  behalf  of  agricultural  knowledge  in  general-^while 
the  single  work  of  Sir  Humphry  Davy  is  nearly  all  that 
chemical  science  has,  in  this  country,  been  induced  to 
contribute  to  the  advancement  of  agricultural  theory  du- 
ring the  last  forty  years.* 

Many  of  you  have  probably  read  this  work  of  Sir  H. 
Davy,  and  are  prepared  to  acknowledge  its  value.  Yet  how 
many  things  does  he  pass  over  entirely,  how  many  things 
leave  unexplained.  Since  his  time,  not  only  have  numerous 
practical  observations  and  discoveries  been  made,  but  the 
entire  scienee  of  animal  and  vegetable  chemistry  has  been 
regenerated.  We  are  not,  therefore,  to  expect  in  his  work 
a  view  of  the  present  state,  either  of  our  theoretical  know- 
ledge, or  of  our  practical  agriculture.  It  belongs  rather  to 
the  history  of  the  progress  of  knowledge  than  to  the  condi- 
tion of  existing  information.  Hence  the  merits  of  the  ag- 
ricultural cbeniistr^  of  Davy  are  not  to  be  tried  by  iu  ac- 
he beneficially  aoneKed  to  the  existing  Univeraitiet ,  is  a  question  deserving 
of  serious  consideration. 

*  The  latest  edition  of  Lord  DnndonaId*s  **  Treatise  on  the  intimate  con- 
nection between  Chemistry  and  Agriculture/'  which  I  have  seen,  is  dated 
London,  1803. 

1  should  be  doing  injustice  to  a  good  chemist  and  a  xealous  agriculturiat, 
were  I  not  to  direct  the  attention  of  my  readers  to  a  series  of  excellent  ar- 
ticles on  chemical  agriculture  by  Dr.  Madden,  inserted  in  the  numbers  of  the 
Quarterly  Journal  of  Agriculture  for  the  last  two  years. 

Since  the  above  went  to  press,  Three  Lectures  on  Agriculture  have  ap- 
peared from  the  pen  of  Dr.  Daubeny,  of  Oxford,  whose  name  will  secure 
them  an  extended  circulation. 
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eordttDee  with  actual  knowledge,  bat  with  what  was  known 
IB  1S12,  when  itti  dtstinguished  aatfaor  read  his  course  of 
lectures  for  the  last  time  before  the  Board  of  Agriculture. 

We  niay  ynth  certainty  predict,  howerer,  that  neither 
die  practice  nor  the  theory  of  agriculture  will  be  permit- 
ted to  experience  in  future  that  want  of  general  en- 
couragement under  which  during  the  last  half  century  they 
have  in  £ngland  been  permitted  to  languish.  The  public 
niad  has  been  awakened,  and  the  establishment  of  Agri- 
cohoral  Aesociations,  provincial  and  local,  are  manifesta- 
tbns  of  the  interest  now  felt  upon  the  subject  in  all  parts 
of  the  country.  It  requires  only  the  general  exhibition 
of  such  an  interest,  and  the  adoption  of  some  general 
means  of  encouragement,  to  stimulate  both  practical  in- 
geniuty  and  scientific  zeal  to  expend  themselves  on  this 
most  va/uable  branch  of  national  industry. 

Science  is  never  unwilling  to  lend  her  hand  to  the  prac- 
tical arts ;  on  the  contrary,  she  is  ever  forward  to  proffer 
her  aaaiatance,  and  it  is  not  till  her  advances  have  been 
rejected  or  frequently  repulsed,  that  she  refrains  from 
aiding  in  their  advancement 

Need  I  advert,  in  proof  of  this,  to  the  unwearied  labours 
of  the  vegetable  physiologists — or  to  the  many  valuable 
obaenrations  and  experiments  recorded  in  the  memoirs  of 
scientific  chemists.  In  these  memoirs,  or  in  professedly 
scientific  works,  such  observations  have  not  unfrequently 
been  permitted  to  rest ; — ^the  public  mind  being  unprepared 
either  to  appreciate  their  value  or  to  encourage  the  exer- 
tioos  of  those  who  were  willing  to  give  them  a  practical 
and  popular  form. 

And  how  numerous  are  the  branches  of  science  connect- 
ed vrith  this  art  1  Need  I  speak  of  botany,  which  is,  as  it 
were,  the  foundation  on  which  the  first  elements  of  agricul- 
ture rest ;  or  of  vegetable  physiology,  to  the  indications  of 
which  it  has  hitherto  almost  exclusively  looked  for  improve- 
ment and  increased  success ;  orof  zoology,  which  alone  can 
throw  light  on  the  nature  of  the  numerous  insects  that  prey 
opon  your  crops,  and  so  often  ruin  your  hopes, — and  which 
can  alone  be  reasonably  expected  to  arm  you  against  their 
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ravageSy^and  inttrnctyou  ta  extirpate  them  ?  Metearology 
among  her  other  laboursr  tabulates  the  higheat,  the  meaD, 
and  the  lowest,  tempei'aturea,  as  well  as  the  quantity  o£raiii 
which  fails  during  each  day  and  each  mon&  o£  the  year. 
Do  you  doubt  the  importance  of  such  knowledge  tothepro* 
pet  cultivatioaof  the  land?  Consider  die  destructive  enoBts 
of  a  late  frost  in  spring,,  or  of  a  continued  heat  in  aummer, 
and  your  doubts  will  be  shaken.  A  wet  season  in  our  own  cli* 
raate  brings  with  it  many  evils  to  the  practical  agriculturist; 
but  what  eSud  must  the  rain  have  on  the  soil,  in  countriee 
virhere  nearly  as  much  falls  in  a  month,  as  in  England  du- 
ring the  course  of  a  whole  year  ;*— where  every  thing  aolti* 
ble  is  speedily  washed  from  the  land,  and  nothing  seema  to 
be  left  but  a  mixture  of  sand  and  gravel  ?  It  may  indeed 
be  said  with  truth,  that  no  department  of  natural  science 
is  incapable  of  yielding  instruction! — that  scarcely  any 
knowledge  is  superfluous — ^to  the  tiller  of  the  soil. 

Itisthustbatali  branches  of  human  knowledge  are  bound 
together,  and  all  the  arts  of  life,  and  aU  the  cultivators  of 
them,  mutually  dependent.  And  it  is  by  lending  each  a 
helping  hand  to  the  others,  that  the  success  of  all  is  to  be 
secured  and  accelerated;  while  with  the  general  progress 
of  the  whole  the  advance  of  each  individual  is  made  sure. 

The  recent  contributions  and  suggestions  of  gpeology  are 
the  best  proof  of  the  readiness  of  the  sciences  of  observation 
to  give  tneir  aid  to  the  promotion,  especially  of  agricultural 
knowledge.  The  geologist  can  best  explain  the  immediate 
origin  of  your  several  soils,  the  cause  of  the  diversitiea 
which  even  in  the  same  farm,  it  may  be  in  the  same  field, 
they  not  unfrequently  exhibit  ;t  the  nature  and.di£Eesences 

*  At  Canton,  in  the  aantb  of  May,  tbe  fall  of  rain  is  often  aa  much  as  5UX 
inches. 

1 1  cannot  refer  to  a  plainer,  more  simple,  or  more  beautiful  illustration 
of  tliis  fact  than  that  which  is  presented  in  a  short  paper  by  Sir  John  Jobtt- 
atone,  Bart,  inserted  in  the  Jovnal  of  the  English  AgricoUoraJ  Socioty, 
L  p.  271,  entitled  "  On  tha  Ajiplioation  of  Geology  to  Agriculture."  See 
also  an  able  paper  by  the  Rev.  Mr.  Thorpe,  of  which  a  valuable  report  ia 
contained  in  the  Doncaster  Cbronicle  of  December  5tb,  and  which  will  be 
published' in  the  proceedings  ut  the  Geological  and  Polytecbnie  Society  of 
the  Weac  Riding  of  Vorkafaiiv. 
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%mong  your  subsoils,  and  the  advantages  you  may  expect 
from  breaking  them  up  or  bringing  them  to  the  surface. 

Geology  is  essentially  a  popular  science,  and  the  talents 
of  its  eminent  English  cultivators  are  admirably  fitted  to 
make  it  still  more  so.  Hence,  a  certain  amount  of  know- 
ledge of  this  science  has  been  of  late  years  very  senerall  j 
diffused,  and  its  relations  to  agriculture  are  becomrag  every 
day  better  understood.  The  Highland  Society  of  Scotland, 
among  its  many  other  useful  exertions,  has  done  very  much 
to  connect  agriculture  and  geology  with  the  sphere  of  ita 
own  labours,  while  the  Journal  of  the  Royal  Agricultural 
Society  of  England  manifests  a  similar  desire  on  the  part  of 
that  numerous  and  talented  body,  to  illustrate  the  connec- 
tion of  agriculture  with  geology  and  chemistry,  in  the  south- 
em  division  of  the  island  That  Dr%  Buckland,  Mr.  Mur- 
chison,  and  Mr.  De  la  Beche>  have  each  engaged  to  make  a 
gratuitous  survey  of  the  subsoils  in  several  extensive  agricul- 
tural districts,  at  the  request  of  the  Council  of  this  Society,* 
shows  that,  where  their  services  are  estimated,  our  most 
eminent  scientific  men  will  not  hesitate  to  devote  them  to 
the  development  of  the  most  important  branches  of  national 
industry. 

The  time,  therefore,  is  peculiarly  favourable  for  the  in- 
crease and  diffusion  of  agricultural  knowledge.  The  growth 
of  our  population  requires  it-^practical  men  are  anxious  to 
receive  instruction-*-scientific  men  are  eager  to  impart  what 
they  know,  and  to  make  new  researches  for  the  purpose  of 
clearing  up  what  is  unknown^— are  we  not  justined,  there- 
fore, in  anttcipating  bereafler  a  constant  and  general  diffu- 
sion of  light,  a  steady  progress  of  agricultural  improvement  t 

Having  thus  glanced  at  the  state  and  prospects  of  scientific 
agriculture  in  general,  and  especially  of  the  art  of  cnl- 

*  Journal  «f  Um  Royel  A|[riciiltiml  SoeieKy»  Report  of  tirair  Coooci],  I. 
p.  188. 

To  form  a  jast  i<)ea  of  tbe  ralue  And  importaiMie  of  such  innreys,  it  i« 
only  nec«Mayy  to  read  chap,  xr.,  pp.  463  to  480,  of  Mr.  De  la  Beehe^a 
**  weolosical| Report  on  Cornwall  aod  Devon/'  or  Proftwaor  Hitchcock's 

Report  on  a  re^«xaininauon  of  the  Economic  Geology  of  Mastacho* 
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tore  in  Sngland,  permit  me  to  advert  to  a  few  of  those 
questiom  of  daily  occurrence  among  you,  to  which  chemis- 
try alone  can  give  a  satisfactory  answer.  I  shall  not  in 
this  place  allade  to  the  subject  of  manures — which  form 
alone  an  entire  chapter  of  most  recondite  chemistry,  and 
which  I  shall  take  up  in  its  proper  place,  but  I  shall  select  a 
few  isolated  topics,  the  bearing  of  chemical  knowledge  upon 
which  is  sufficiently  striking 

■  Some  soils  are  naturally  barren,  but  how  few  of  our  agri- 
culturists are  able,  in  regard  to  such  soils  generally,  to  say 
why ;  how  few  who  possess  the  knowledge  requisite  for 
discovering  the  cause  1  Of  these  barren  lands  some  may 
be  improved  so  as  amply  to  repay  the  outlay;  some  from 
their  locality  or  from  other  causes,  are  in  the  present  state 
of  our  knowledge  irreclaimable.  How  important  to  be  able 
to  distinguish  between  these  two  cases  ! 

Some  apparently  good  soils  are  yet  barren  in  a  high  de- 
gree. In  endeavouring  to  improve  such  soils,  practieal 
men  have  no  general  rule — they  can  have  none.  They  work 
in  the  dark — -like  a  man  who  makes  experiments  in  a  labo- 
ratory, without  a  teacher  or  without  a  book,  till,  after  many 
blunders  and  much  expense,  he  discovers  some  fact,  to  him- 
self new,  but  to  others  long  known,  and  forming  only  one 
of  many  analogous  facts,  flowing  from  a  common,  and  pro- 
bably well-understood,  principle. 

"  The  application  of  chemical  tests  to  such  a  soil,"  says 
Sir  Humphry  Davy,  **  is  obvious.  It  must  cotitain  some 
noxious  principle,*  which  may  be  easily  discovered  and  pro- 
bably easily  destroyed.  Are  any  of  the  salts  of  iron  pre- 
sent, they  may  be  decomposed  by  lime.  Is  there  an  excess 
of  siliceous  sand,  the  system  of  improvement  must  depend 
on  the  application  of  clay  and  calcareous  matters.  Is  there 
a  defect  of  calcareous  matter,  the  remedy  is  obvious.  Is  an 
excess  of  vegetable  matter  indicated,  it  may  be  removed 
by  liming,  paring,  and  burning.  Is  there  a  deficiency  of 
vesetable  matter,  it  is  to  be  supplied  by  manure. "t 

What  was  true  in  regard  to  toe  applications  of  chemistry 

*  Or  be  deficient  in  some  oecesiary  element.— nj. 
t  Agricultural  Cbemittry,  Lecture  I. 
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in  the  time  of  Sir  Humphry  Davy,  is  more  trae  ia  a  high 
degree  of  the  chemistry  of  our  time.  Not  only  is  the  na- 
ture of  soils  better  understood,  but  we  know  in  many  cases 
what  a  soil  mtut  contain  before  it  will  produce  a  given cropi 
Wliy  do  pine  forests  settle  themselves  on  the  naked  and 
apparently  barren  rocks  of  Scotland  and  of  Northern  Eu-* 
rope,  content  if  their  young  roots  can  find  but  a  crevice  in 
the  mountain  to  shelter  them  t  Why  does  the  beech  luxu** 
riate  in  the  alluvial  soils  of  Southern  Sweden,  of  Zealand'^ 
and  Continental  Denmark  1  Why  does  the  birch  spring  op 
from  the  ashes  of  the  pine  forest-^ why  the  rapid  rush  of  deli- 
cate grass  from  the  burned  prairies  of  India  and  of  Northern 
America  1  Whence  comes  the  thick  and  tender  sward  o^ 
the  mountain  limestone  districts — ^whence  the  gigantki 
wheat  stock  of  a  virgin  soil  %  Why  do  the  same  forest  trees 
propagate  themselves  for  ages  on  the  same  spots  without  im^ 
poverishingthe  soil — why  do  the  natural  grasses^  thelongei^ 
they  are  undisturbed,  render  the  land  only  the  more  fertile  f 

These,  one  would  think,  are  scarcely  chemical  questions^/ 
and  yet  to  all  of  them,  and  to  a  thousand  such,  chemistry 
alone  can  and  will  g^ve  a  satisfactory^  answer.  * 

The  rotation  of  crops  is  a  practical  rule,  the  benefit  of 
which  has  been  proved  by  experience  ;  it  becomes  a  true 
philosophical  principle  of  action,  when  we  discover  the 
causes  from  which  this  benefit  springs.  Botany  has  thrown 
considerable  light,  and  of  an  interesting  and  important  kindf> 
upon  this  practice,  but  chemistry  has  fully  cleared  it  up  and 
established  the  principle. 

Sir  Humphry  Davy  speaks  of  the  use  of  lime.  Can  youf 
explain  the  mysterious,  and  apparently  fickle  and  diversi- 
fied, agency  of  this  substance  in  reference  to  vegetation  I 
Are  the  advantages  so  frequently  attended  upon  its  use  to^ 
be  ascribed  to  the  chemical  character  of  the  soil  to  whioh- 
it  is  applied,  to  the  kind  and  quantity  of  the  vegetable 
matter  it  contains,  or  to  the  geological  nature  of  the  rocks* 
on  which  it  rests  1  Are  they  dependent  upon  the  drainage 
and  exposure  of  the  land — on  the  kind  of  crop  to  be  raised— -^ 
on  the  general  climate  of  the  district— on  the  maxima  and. 
minima  of  temperature — or  on  the  quantity  of  rain  which? 
falls  1 
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So  witb  gypsuin.  Why  are  its  effects  laaded  in  one  dhn 
tnctf  doubted  ia  another,  and  decried  in  a  third !  Are  na 
rules  or  principles  ta  be  discovered,  by  which  these  direr* 
sified  effects  are  to  be  explained,  and  the  tnie  purpose  and 
fit  use  of  these  and  other  naineral  substances  clearly  point- 
ed out  ?  Such  principles  are  yet  to  be  sought  for;  but  if 
•ought  by  the  way  of  well  derised  and  accurately  conduct- 
ed experiment,  they  are  sure  to  be  discovered. 

The  land  is  exhausted  by  frequent  cropping.  What  lan- 
guage more  familatTi.  what  statement  OEKMre  true  than  this  t 
X  et  how  few  understand  what  exhaustion  implies ;  how 
few  can  eaq>latQ  either  how  it  takes  place,  by  what  means 
k  can  be  remedied^  or  how,  if  lefk  ta  herself,  nature  at 
length  does  apply  a  remedy ! 

Hare  you  any  doubt  in  regard  to  the  prevailing  ignorance 
on  the  subject  1  To  be  satisfied,  you  have  only  to  look  witb 
an  experienced  eye  on  the  agricultural  practice  o£  the  couu- 
tj  of  DuFham^  Are  there  not  thousands  of  acrea  in  the 
centre  of  this  county  which  ea^hibit  a  degree  of  unproduc* 
tiveoess  not  natural  to  the  soU;*«-which  have  beeu  over- 
cropped, and  worn,  out,  and  impoverished  ?  A  soil  compara- 
tively fertile  by  najlure  has  been  rendered  unfertile  by  art. 
That  which  was  naturally  good  has  been  rendered  as  unr 
productive  and  unprofitable  as  that  which  was  naturally 
bad.  Has  this  staAe  of  things  arisen  from  ignorance,  from 
design,  or  from  necessity  1.  By  whichever  of  these  it  baa 
been  immediatelj  caused,  it  is  clear  that  the  requisite  de- 
gree of  knowledge  on  the  part  of  the  owners  of  the  soil 
would  have  retarded  if  not  wholly  prevented  it., 

The  same  knowledge  will  enable  them  to  reclaim  these 
lands  again,  and  gradually  restore  them:  to  a  more  fertile 
condition;  for  the  changes  which  the  soil  undergoes  ifk 
such  circumstances.  a;ce  all  chemical  change8,-*e]ther  in 
the  relarive  quantities  of  the  substances  if  contains,,  or  in 
the  state  of  combination  in  which  they  exist. 

The  art  of  culture  indeed  is  almost  entirely  a  chemical 
art,  since  nearly  all  its  processes  are  to  be  explained  only  on 
chemical  principles.  If  you  add  lime  or  gypsum  to  your 
land,  you  introduce  new  chemical  agents.  If  you  irrigate 
your  meadows,  you  must  demand  a  reason  from  the  chemist 
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for  the  abundant  growth  of  grass  whi(;h  follows.  Do  yoii 
find  animal  manure  powerful  in  its  action,  is  the  effect  of 
some  permanent,  while  that  of  others  is  speedily  exhaust- 
ed ? — Does  a  mixture  of  animal  and  vegetable  manure  pre* 
pare  the  land  best  for  certain  kinds  of  grain  ? — Do  you  em- 
ploy common  salt,  or  gypsum,  or  saltpetre,  or  nitrate  of 
soda,  with  advantage? — In  all  these  cases  you  observa 
chemical  results  which  you  would  be  able  to  control  and, 
modify  did  you  possess  the  recjuisite  chemical  knowledge* 

It  is  not  wonderful  that  even  theoretical  agriculturists 
should  be  far  behind  in  the  knowledge  of  those  principles  oil 
which  their  most  important  operations  depend..  The  great* 
est  light  has  been  thrown  upon  the  art  of  culture  by  the  re*> 
searches  of  organic  chemistry,  a  branch  which  may  be  said 
to  have  started,  if  not  into  existence,  at  least  into  a  new  Hfet 
within  the  last  ten  years.  Every  day  toawi8.addipg.to  the 
number  and  value  of  its  discov/Bries,,and'the  agriculturist 
may  well  be  pardoned  for  not  keeping  pace  with  the  ad* 
▼ances  of  a  department  of  science,  which  even  the  profes* 
sed  and  devoted  chemist  can  scarcely  overtake. 

I  might  advert  also  to  the  mechanical  oporations  of  plough* 
ing,  wh^thqr  common  or  subsoil,.,  of  following  draining,, 
weeding,  and  many  others,  as  being  only  so  many  methocn 
by  which  chemical  action  is  induced  or  facilitated  ; — to  the 
growjth  of  plants,  and  even  to  such  observed  differences  as 
that  of  the  relative  qtiantity  of  leaves  and  tubers  in  the  po- 
tato, and  of  grain  and  straw  in  our  corn-fields,  as  interest- 
ing cases  on  which  scientific  chemistry  throws  a  flood  of 
light.  X  might  show  how  the  feeding  of  your  cattle  and  the 
saising  and  management  of  dairy  produce  aria  not  beyond 
the  province  of  cnemistry,  but  that  the  only,  approach  to 
scientific  principle  yet  made,  even  in  these  branches  of  hus- 
bandry, is  derived  from  the  results  of  cbomiGal  research.  ^ 

But  I  do  not  dwell  on  any  of  th^se  points  :  they  will  all 
hereafter  come  4]nder  our  review  in  their  appropriate  or- 
der, and  will  afford  me  an  opportunity  of  Itiying  before  you 
many  important  faQts,  as  well  as,  I  hope,  valuable  practical; 
deductions  and  observations. 

While,  however,  I  feel  juaitified  in  saying  thus  much  of* 
the  light  which  existing  chemical  ktiowledge  tbrpw9  on  tb<^ 
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natural  processes  of  vegetation,  and  on  the  artificial  methods 
of  practical  agriculture,  I  would  not  lead  you  to  suppose 
that  our  knowledge  is  by  any  means  complete,  that  there 
are  not  many  points  over  which  much  darkness  stiH  rests 
—that  some  of  the  theoretical  views  now  entertained  are 
not  crude,  adopted  too  hastily,  and  generalised  too  rapidly. 
Sut  a  similar  confession  may  be  made  in  reference  to  all 
the  modern  sciences  of  observation  without  diminishing 
their  importance  or  detracting  firom  the  value  of  the  facts 
they  embody.  Human  science  is  progressive  in  all  its 
branches,  and  to  refuse  to  follow  the  indications  of  exist- 
ing knowledge  because  it  is  to  some  extent  uncertain, 
would  be  as  foolish  as  to  refuse  to  avail  ourselves  of  the 
morning's  light,  b^cau^Q  it  i^  not  e<^ual.tp,that  of  the  midday 
sun. 


I  advance,  therefore,  to  the  special  object  of  these  lec- 
tures, and  I  shall  first  present  you  with  a  rapid  outline  of 
the  method  which  I  intend  to  k)11ow.  It  is  indispensable 
that  this  method  should  be  simple,  and  that  every  consecu- 
tive portion  should  be  so  fitted  to  clear,  the  wav  £>r^  and 
throw  light  upon,  what  is  to  follow,  that  we  may  be  able  to 
advance  from  the  first  rudiments  to  the  most  difficult  and 
abstruse  parts  of  our  subject,  without  any  chance  of  thq 
illustrations  being  even  difficult  to  comprehend.  This  end 
I  do  not  hope  perfectly  to  attain,  but  it  will,  be  my  constant 
aim,  and,,  with  due  attention  oq  your  part,  I  do  not  fear  that 
we  shall  fail  in  arriving  at  a  perfect  understanding  of  th^ 
various  points  to  which  I  shall  have  occasion,  to  direct  youT 
attention.. 

I  propose^  therefore,  to  bring  before  you— r. 

I.  The  constitution  of  vegetable  substances  with  the  pro- 
perties of  the  elementary  and  compound  bodies  which 
either  enter  into  the  substances  of  plants  or  contribute  to 
their  growth  and  nourishment. 

XL  The  general  structure  and  functions  of  the  several 
parts  of  plants-^their  mode  of  growth. — and  the  manner  in 
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which  their  food  is  absorbed,  changed,  and  converted  into 
parts  of  their  substance. 

III.  The  origin,  nature,  and  principal  differences  of  soils 
—with  the  circumstances  on  which  their  relative  fertility 
dependsi^or  under  which  it  is  modified. 

lY.  The  nature  and  differences  of  manureSy  and  their 
mode  of  action,  whether  directly  in  supplying  food  to  the 
plant,  or  indirectly  in  hastening  and  increasing  their 
growth. 

y.  The  natare  and  diversities  of  the  food  raised  as  the 
resuU  of  culture-— especially  in  reference  to  their  several 
equivalents  or  powers  of  supporting  animal  life. 

Under  this  head  the  feeding  of  cattle  and  the  variations 
in  the  quantitv  and  qiiality  of  dairy  produce,  will  form  sub- 
jects of  considecation» 

These  different  branches,  I  believe,^  cemprehend  the 
whole  subject  of  chemical  agriculture  y  in  regard  to  all  of 
them  we  shall  derive  either  from  chemistry  or  geology 
much  important  information.. 

§  l.DiJerent  kinds  and  states  of  Matter. 

All  the  forms  of  matter  which  present  themselves  to  our 
view,  whether  in  the  solid  crust  of  the  globe  on  which  we 
live,  in  the  air  which  forms  the  atmosphere  by  which  we 
are  surrounded,  or  in  the  bodies  of  animals  and  plants-^1 
are  capable  of  being  divided  into  the  two  great  groups  of 
OKganic  and.  inorganic  matter.  The  solid  rocks  and  soils, 
the  atmosphere,  the  waters  of  the  seas  and  oceans,  every 
thing  which  neitbei;  is  w>r  has  been  the  seat  of  life,  may 
generally  be  included  under  the  head  of  inorganic  matter. 
The  bodies  of  all  living  animals  and  plants,  and  their  dead 
carcasses,  consist  of  organic  or  organized  matter.  These 
generally  exhibit  a  kind  of  structure  readily  visible  by  the 
eye,  as.  in  the  pores  of  wood,  and  i&tbe  fibres  of  hemp,  or 
of  the  lean  of  beef,^  and  are  thus  readily  distinguished  from 
inorganic  matter,  in  which  no  such  structure  is  observable. 

*  The  poree  of  wood  and  fibrei  and  minute  vetaeb  in  animala  being  th» 
organs  or  inauumenu  of  life,  the  Bubstancei  thcowelves  are  called  organized 
or  ergaoic. 
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But  in  many  substances  of  organic  origin  also,  no  struc- 
ture is  observable.  Thus,  sugar,  starch,  and  gum,  are 
formed  in  plantain  great  abundance,  and  yet  do  not  present 
any  pores  or  fibres ;  they  have  never  been  endowed  with 
organs,  yet  being  produced  by  the  agency  of  living  organs, 
they  are  included  under  the  general  name  of  organic  mat- 
ter. So  when  animals  and  plants  die,  their  bodies  undergo 
decay,  but  the  matter  of  which  they  are  composed  is  con- 
sidered as  of  organic  origin,  not  only  as  long  as  any  traces 
of  structure  are  observable,  but  even  afber  all  such  traces 
have  disappeared.  Thus  coal  is  a  substance  of  organic  ori- 
gin, though  almost  all  traces  of  the  vegetable  matter  fram 
which  it  has  been  derived,  have  been  long  ago  obliterated. 

Again,  heat  chars  and  -destroys  wood,  starch,  and  gum, 
forming  black  substances  totally  unlike  the  original  matter 
acted  upon.  By  distillation,  wood  yields  tar  and  vinegar ; 
and  by  fermentation,  sugar  is  converted  first  into  alcohol , 
and  then  into  vinegar.  AH  substances  derived  from  vege- 
table or  animal  products  by  these  and  similar  processes  are 
included  under  the  general  designation  of  organic  bodies. 

Now  if  we  take  a  portion  of  almost  any  of  those  numerous 
forms  of  matter  which  we  meet  with  either  in  the  inorganic 
or  in  the  organic  kingdoms,  we  find,  that  on  subjecting  it 
to  certain  chemical  processes,  it  is  capable  of  being  resolved 
or  separated  into  more  than  one  substance.  Thus  coal 
when  put  into  a  gas  retort  is  resolved  into  tar,  coal  gas,  ami 
certain  other  substances.  Wood,  when  treated  in  the  same 
way,  yields  pyroligneous  acid,  tar,  and  water,  and  leaves 
behind  a  residue  of  charcoal.  If  again.we  subject  charcoal 
to  the  action  of  heat  (not  in  the  open  air),  or  to  any  other 
process  we  can  devise,  we  can  never  separate  any  things 
further  from  it.  Afler  all  our  operations  we  obtain  only 
charcoal. 

So  a  piece  of  common  lead  ore,  when  healed  in  a  aimilae. 
manner,  will,  if  pure,  give  off  sulphur  only,  and  leave  the. 
lead  behind,  from.wbi<^  nplhiug  but  lead  can  afterwards  be 
extracted. 

Thus  it  is  evident,  that  wood  and  the  ore  of  lead  differ 
from  charcoal  and  metallic  lead  \n  this  respect,  that  the  for- 
mer consist  of  more  than  one  kind  of  matter,  the  latter  of 
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one  kind  of  matter  only.  Hence  charcoal  and  lead  are 
called  simple  or  dementary  bodies,  while  wood  and  all  other 
substances  which  are  capable  of  being  resolved  into  two  or 
more  diflferent  kinds^of  matter,  are  called  compound  bodies. 

The  diversified  forms  of  matter  which  present  themselves 
to  our  notice  in  the  mineral  crust  of  the  globe,  and  in  the 
organs  and  vessels  of  plants  and  animals,  are  absolutely 
without  number.  We  can  no  more  reckon  them  than  we 
can  the  stars  of  heaven.  Yet  it  is  one  of  those  results  of 
modem  chemistry  which  to  the  mind  not  yet  familiarized 
vrith  chemical  discoveries  appears  most  wonderfiil,-^hat 
these  numberless  forms  of  matter  are  capable  of  being  re* 
solved  into,  and  therefore  are  composed  or  made  op  of,  only 
65*  of  those  simple  or  elementary  substances,  the  nature  of 
which  has  been  above  explained.  Occasionally  these  (Ole- 
mentary  substances  occur  in  a  separate  state,  as  in  nativet 
gold  and  silver,  but  they  are  generally  found  associated  to- 
gether, forming  substances  from  which  several  of  the  55 
simple  bodies  may  be  extracted. 

AH  the  material  substances  in  nature  consist  of  one  or 
more  of  these  55  elementary  bodies.  This  is  sufficiently 
surprising,  yet  it  is,  if  possible,  still  more  remarkable  that 
nearly  the  entire  mass  of  every  vegetable  substance  maybe 
resolved  into  one  or  more  oijmronly  of  these  simple  sub-* 
stances. 

When  a  portion  of  animal  or  vegetable  matter  is  bumedy 
it  either  entirely  disappears  or  leaves  behind  it  only  a  small 
quantity  of  ash.  Animal  and  vegetable  oils  and  fats,  gum» 
sugar,  and  starch,  when  burned, disappear  entirely  ;  a  piece 
of  wood  or  of  lean  meat  leaves  a  small  quantity  of  earthy 
(inorganic)  matter  behind.  ^ 

*  The  names  of  thete  elementary  bodies  are  as  follows  :—iOKjrgen,  hjfdro* 
|eo,  nitrogen,  sulphur,  selenium,  phosphorus,  chloriike,  bromine,  iodine, 
fluoriue,  carbon,  boron,  silicon,  potassium,  sodium^  lithium,  barium,  stron- 
tiuiD,  calcium,  magnesium,  ahiminiam,  glucinium,  yttrium,  zirconium,  tbo 
nam,  cerium,  lantfaanium,  manganese,  iron,  cobalt,  nickel,  sine,  cadminmt 
lead,  tin,  bismuth,  copper,  uranium,  mercury,  (quicksilver),  silver,  palla- 
diom,  iridium,  platinum,  gold,  osmium,  titanium,  tantalum,  (oolumbium), 
tungsten,  molybdenum,  Tanadium,  chromium,  antimony,  tellurium, 
arsenic 

t  So  called  when  found  in  the  malleable  state* 
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In  or  upon  the  soil  cbarcoal  for  a  time  will  act  in  the 
same  manner,  will  absorb  from  the  air  moisture  and  gas- 
eous substances,  and  from  the  rain  and  from  flowing  waters 
organized  matters  of  various  kinds,  any  of  which  it  will  be 
in  a  condition  to  yield  to  the  plants  which  grow  around  it, 
when  they  are  such  as  are  likely  to  contribute  to  their 
growth. 

3^.  They  have  the  property  also  of  absorbing  disagreeable 
odours  in  a  very  remarkable  manner.     Hence  animal  food 
keeps  longer  sweet  when    placed  in  contact  with  char- 
coal— hence  also  vegetable  substances  containing  much 
water,  such  as  potatoes,  are  more  completely  preserved  by 
the  aid  of  a  quantity  of  charcoal — and  hence  the  refuse 
charcoal  of  the  sugar  refiners  is  found  to  deprive  nisbt-soil 
of  its  disagreeable  odour,  and  to  convert  it  into  a  dry  and 
portable  manure.     4<>.  They  exhibit  also  the  still  more^ein- 
gular  property  of  extracting  from  water  a  portion  of  the 
saline  substances  they  may  happen  to  hold  in  solution,  and 
thus  allowing  it  to  escape  in  a  less  impure  form.    The  de- 
cayed (half  carbonized)  roots  of  grass,  which  have  been 
long  subjected  to  irrigation,  may  act  in  one  or  all  of  these 
ways  on  the  more  or  less  impure  water  by  which  they  are 
irrigated— and  thus  gradually  arrest  and  collect  the  mate- 
rials which  are  fitted  to  promote  the  growth  of  the  coming 
crop. 

$  3.     Oxygen — iU  properties  and  rehuiam  to  vegetahie  life. 

Oxygen  is  a  substance  with  which  we  are  acquainted 
only  in  the  gaseous  or  aeriform  state.*  By  the  unaided 
senses  it  cannot  be  distinguished  from  common  air,  being 
void  of  colour,  taste  and  smelL  But  if  a  lighted  taper  he 
plunged  into  it,  the  flame  is  wonderfully  increased  both  in 
size  and  brilliancy,  and  the  taper  bums  away  with  great 
rapidity. 

xfae  effect  of  this  gas  upon  animal  life  is  of  a  similar 
kind.     When  a  living  animal  is  introduced  into  a  large  vea* 

*  In  this  Stat*  it  is  readily  obuiaed  b;  heating  io  a  glaM  retort  tbe  red 
oxide  of  mercuiy  of  tbe  thoiM,  or  a  whiia  lalt  koown  by  the  aameof  chlo- 
laie  of  potaih. 


0e1  filled  with  oxygen,  the  rafitdity  of  the  ctreuhition  i»{n* 
creased,  all  the  vital  functions  are  Btimulated  and  excited,  a 
state  of  fever  comes  on,  and  'after  a  time  the  animal 
dies. 

By  these  two  characters,  oxygen  is  distingaished  from 
every  other  elementary  body,  it  exists  in  the  atmosphere 
to  the  amount  of  21  per  cent,  of  its  bulk,  and  in  this  state 
of  air  is  necessary  to  the  existence  of  animals  and  of  plants, 
and  to  the  support  of  combustion  on  the  face  of  the  globe* 
It  exists  also  largely  in  water,  every  nine  pounds  of  this 
liquid  containing  eight  pounds  of  oxygen. 

But  the  quantity  of  this  substance  which  is  stored  up  in 
the  solid  rocks  is  still  more  remarkable.     Nearly  one-half 
of  the  weight  of  the  solid  rocks  which  compose  the  crust  of 
our  globe,  of  every  solid  substance  we  see  around  ua-^of  the 
houses  in  which  we  live,  and  of  the  stones  on  which  we 
tread — of  the  soils  which  you  daily  cultivate,  and  much 
more  than  one*half  by  weight  of  the  bodies  of  all  living  ani- 
mals and  plants,  consist  of  this  elementary  body  oxygen^ 
known  to  us,  as  I  have  already  said,  only  in  the  state  of  a 
gas.     It  may  not  appear  surprising  that  any  one  elemencary 
substance  should  have  been  formed  by  the  Creator  in  such 
abundance  as  to  constitute  nearly  one-half  by  weight  of  the 
entire  ctust  of  our  globe,  but  it  must  strike  you  as  remark^ 
able,  that  this  should  also  be  the  element  on  the  presence 
of  which  all  animal  life  depends — and  as  nothing  less  than 
wonderful,  that  a  substance  which  we  know  only  in  the 
state  of  thin  air,  should,  by  some  wonderful  mechanism,  be 
bound  up  and  imprisoned  in  such  vast  stores  in  the  solid 
mountains  of  the  globe,  be  destined  to  pervade  and  refresh 
all  nature  in  the  form  of  water,  and  to  beautify  and  adorn 
the  earth  in  the  solid  parts  of  animals  and  plants.    But  all 
nature  is  full  of  similar  wonders,  and  every  step  you  ad* 
vance  in  the  study  of  the  principles  ef  the  art  by  which  you 
live,  you  will  not  fail  to  mark  the  united  skill  and  bounty  of 
the  same  great  Contriver. 

Oxygen  gas  is  heavier  than  common  air  in  the  proportion 
of  about  11  to  10  ;*  it  is  also  capable  of  being  absorbed  by 

*  lu  specific  grftTity  by  experimeiit  it  1'  1026,  air  being  1. 
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water  to  a  certain  extent  One  hundred  noeasures  of  water 
dissolve  6^*  of  this  gas.  Rain,  springi  and  river  waters,  al- 
ways contain  a  portion  "of  oxygen  which  they  have  derived 
from  the  atmosphere,  and  this  oxygen  as  they  trickle  through 
the  soil,  ministers  to  the  growth  and  nourishment  of  plants 
in  various  ways.  Some  of  these  will  he  explained  in  a  sub- 
sequent lecture. 

In  an  atmosphere  of  pure  oxygen  gas,  plants  refuse  to 
Tegetate  and  speedily  perish. 

$  4.  Hydrogen^^U  properties  and  relations  to  vegetable  life* 

Hydrogen  is  also  known  to  ns  only  in  the  state  of  gas, 
and  when  perfectly  pure  agrees  with  oxygen  and  common 
air  in  being  without  colour,  taste,  or  smell.  It  is  not  known 
to  occur  in  nature  in  a  free  or  simple  state,  nor  does  it  exist 
so  abundantly  as  either  carbon  or  oxygen.  It  forms  a 
small  per  centage  of  the  weight  of  all  animal  and  vege- 
table substances,  and  constitutes  one-ninth  of  the  weight  of 
water,  but  with  the  exception  of  coal,  it  does  not  enter  as  a 
constituent  into  any  of  the  large  mineral  masses  that  exist 
in  the  crust  of  the  globe. 

When  a  lighted  taper  is  plunged  into  this  gas  it  is  im- 
mediately extinguished,  but  if  in  contact  with  the  air  the 
gas  itself  takes  fire  and  burns  with  a  pale  yellow  flame.  If 
previously  mixed  with  air  or  with  oxygen  gas,  it  kindles 
and  bums  with  a  loud  explosion.  During  this  combustion 
water  is  formed.t 

It  does  not  support  life,  animals  cease  to  breathe  when 
introduced  into  it,  and  plants  gradually  wither  and  die.  It 
is  the  lightest  of  all  known  substances,  being  about  14^  times 
lighter  than  common  air,|  so  that  if  the  stopper  be  removed 
from  a  bottle  in  which  it  is  contained  it  almost  immediately 
escapes.  It  is  the  element  which  is  employed  to  give 
buoyancy  to  balloons  ;  and  by  this  great  levity  and  its  re- 

*  De  Saufsure.    Accordtng  to  Dr.  Honry,  100  volumes  of  water  abiofb 
only  3|  «)f  oxygen. 

t  See  the  Second  Lecture. 

X  lu  specific  gravity,  by  experiment,  if  0*0687,  mr  being  1. 
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lations  to  flame  it  is  readily  distinguished  from  all  other 
known  substances. 

Water  absorbs  it  only  in  very  small  quantities,  100  gal* 
Ions  taking  up  no  more  than  about  l^  gallons  of  hydrogen  gas. 
But,  as  already  observed,  this  gas  does  not  exist  in  nature 
in  a  free  state — is  not  necessary,  therefore,  to  the  growth  of 
plants  or  animals  in  this  state — and  hence  its  insolubility 
in  water  is  in  unison  with  the  general  adaptation  of  every 
property  of  every  body,  to  the  health  and  growth  of  the 
hiffhest  orders  of  living  beings. 

Hydrogen  gas  is  readily  obtained  from  water  by  putting 
into  it  a  few  pieces  of  metallic  iron  or  zinc,  and  adding  a 
little  sulphuric  acid  (oil  of  vitriol).  Bubbles  of  the  gas  are 
liberated  from  the  surface  of  the  metal,  ascend  through  the 
water,  and  may  be  collected  on  the  surface. 

§  5.   Nitrogen — iU  properties  and  rdatiojis  to  vegetable  life. 

Nitrogen  is  also  known  to  us  only  in  the  form  of  gas.  It 
exists  in  the  atmosphere  to  the  amount  of  79  per  cent,  of 
its  bulk.  It  is  without  color,  taste,  or  smell.  Animals  and 
plants  die  in  this  gas,  and  a  taper  is  instantly  extinguished 
when  introduced  into  it;  the  gas  itself  undergoing  no 
change.  It  is  lighter  than  atmospheric  air,  in  the  propor- 
tion of  97^  to  100.*  It  is  an  essential  constituent  of  the 
air  we  breathe,  serving  to  temper  the  ardour  with  which  com* 
bustion  would  proceed  and  animals  live  in  undiluted  oxygen 
gas.  It  forms  a  part  of  very  many  animal  and  of  some 
vegetable  substances,  but  it  is  not  known  to  enter  into  the 
composition  of  any  of  the  great  mineral  masses  of  which 
the  earth's  crust  is  made  up.  In  coal  alone,  which  is  of 
vegetable  origin,  it  has  been  detected  to  the  amount  of  one 
or  two  per  cent.  It  is  therefore  much  less  abundant  in  na- 
ture than  any  of  the  other  so  called  organic  elements — and 
it  exhibits  much  less  decided  properties  than  any  of  them; 
yet  we  shall  hereafter  see  that  it  performs  certain  most  im- 
portant functions  in  reference  both  to  the  growth  of  plants 
and  to  the  Dourishment  of  animals, 

*  lu  density  u  0-976,  «r  being  1. 
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Oae  hundred  Toluines  of  water  dissolve  about  1^  volumes 
of  this  gas.*  Spring  and  rain  waters  absorb  it  as  they  do 
OKjgeOt  from  the  atmospheric  air,  and  bear  it  in  solution  to 
tbe  roots,  by  which  it  is  not  unlikely  that  it  may  be  con- 
Teyad  directly  into  the  circulation  of  plants. 


Such  are  the  several  elementary  bodies  of  which  the  or- 
ganic  or  destructible  part  of  vegetable  substances  is  formed. 
With  one  exception  they  are  known  to  us  only  in  the  forna 
of  gases;  and  yet  out  of  these  gases  much  of  the  solid  paits 
of  animals  and  of  plants  are  made  up.  When  alone,  at  the 
ordinary  temperature  of  the  atmosphere  they  form  invisible 
kinds  of  air ;  when  united,  they  constitute  those  variou.^! 
forms  of  vegetable  matter  which  it  is  the  aim  and  end  of  the 
art  of  culture  to  raise  with  rapidity,  with  certainty,  and  ia 
abundance.  How  difficult  to  understand  the  intricate  pro- 
eesaes  by  which  nature  works  up  these  raw  materials  into 
her  many  beautiful  productions — yet  how  interestingit  must 
be  to  know  her  ways,  how  useful  even  partially  to  find 
them  out! 


Permit  me,  in  conclusion,  to  submit  to  you  one  reflection . 
We  have  seen  that  oxygen,  hydrogen,  and  nitrogen,  are  all 
gaseous  substances,  which  when  pure  are  destitute  of  co- 
lour, taste,  and  smell.  They  cannot  be  distinguished  by 
the  aid  of  our  senses.  Man  in  a  state  of  nature — uneduca- 
ted man — cannot  discern  that  they  are  different.  Yet  so 
simple  an  instrument  as  a  lighted  taper  at  once  shows  them 
to  be  totally  unlike  each  other.  This  simple  instrument, 
therefore,  serves  us  instead  of  a  new  sense,  and  makes  as 

♦Henry  De  Sauirare  «ay»,  that  pure  water  «lnioH>t  4  pereenC.  of  ita  hoik 
OK  Uuf  gaa. 
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acquainted  with  properties  the  existence  of  which,  withoat 
8uch  aid,  we  should  not  even  have  suspected.  Has  the 
Deity  then  been  unkind  to  roan,  or  stinted  in  his  benevo« 
lence  in  withholding  the  gift  of  such  a  sense.  On  the  con- 
trary, he  has  given  us  an  understanding  which  when  culti- 
vated is  better  than  twenty  new  senses.  The  chemist  in 
bis  laboratory  is  better  armed  for  the  investigation  of  na- 
ture, than  if  his  organs  of  sense  had  been  many  times  mul- 
tiplied. He  has  many  instruments  at  his  command,  each 
of  which,  like  the  taper,  tells  him  of  properties  which  neither 
his  senses  nor  any  other  of  his  instruments  can  discover ; 
and  the  further  his  researches  are  carried,  the  more  willing 
does  nature  seem  to  reveal  her  secrets  to  him,  and  the  more 
rapidly  do  his  chemical  senses  increase.  Do  you  think 
that  the  rewards  of  study  and  patient  experimental  research 
are  confined  to  the  laboratory  of  the  chemist,  and  that  the 
Deity  will  prove  less  kind  to  you,  whose  daily  toil  is  in  the 
great  laboratory  of  nature  ?  As  yet  yon  see  but  faintly  the 
reason  of  many  of  your  commonest  operations,  and  over  the 
results  you  have  comparatively  little  control— but  the  light 
is  ready  to  spring  up,  the  means  are  within  your  reach-— yoa 
have  only  to  employ  your  minds  as  diligently  as  yoa  labor 
with  your  hands,  and  ultimate  success  is  sure. 


LECTURE  II. 

Charaeteriitie  properties  of  organic  rabstanett'— JMatiw  ptfoporiinwaf 
flVigBnieieleineota-^VariaUe  proportioM  of  inorgMiic  elemenu  ia  pintr- 
Fom  in  wiiicl^  tbe  oi^aoic  elemeots  are  taken  up  by  plants — The 
atmofphere,  its  constitution  and  relations  to  vegetable  life — Nston 
and  laws  a(  chemical  combination— -Water  and  its  felationv  to  vetetabb 
Hfe. 

§1.  i^raeUruiiepropertitMcfin'gamcaui^iamcei^ 


Of  tlie  foQT  elementary  SHbstances  dc8cribed.iB  the  fbrm- 
cr  lecture.  Hie  organic  part  of  all  animal  and  vegetable  anb- 
ataoees  conaiata.  Wfaat  ia  undeiatood  bj  the  term  organic 
Ims  alao  been  explained. 

Bat  organic  aabatancea  posseaa  ceitaia  charactera  by 
which  thej  are  dietingaished  from  the  inergaBie  or  dead 
matter  of  tbe  globe,  and  on  which  their  eomieetteo  with 
the  principle  ef  life,  and  with  the  art  of  cn]tQre»  enttraly 
depends.  Tbeae  efaaraeteriatic  propertiea  ave  chiefly  tbe 
following. 

1<^.  They  are  all  easily  decomposed  or  destroyed  by  a 
moderately  high  tem  perature.  If  wood  or  atraw  be  heated 
in  the  air,  aa  over  the  flame  of  a  candle,  it  becomea  charrad, 
bams,  and  is  in  a  great  measure  dissipated.  So  sugar  and 
Btarch  darken  in  colour  when  heated,  blacken,,  and  take 
fire.  The  same  is  true  of  all  vegetable  substances.  But 
limestone,  clay,  and  other  earthy  or  atony  matters,  undergo 
no  apparent  change  in  auch  circumstances-^they  are  not 
decomposed. 

2^.  When  exposed  to  ^e  air,  especially  if  it  be  wann 
and  moist,  vegetable  and  animal  substances  putrify  and 
decay.*  They  decompose  of  their  own  accord,  and  after  a 
time  almost  entirely  disappear.     Such  is  not  the  case  with 

*  For  an  explanation  of  the  exact  nature  and  end  of  this  pntrefaetion,  see 
tbe  subsequent  Lecture, "  On  ik€  decay  of  auimal  and  vegetable  tub- 
etaneee" 
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ioorganic  matterB.  If  tbe  rocks  and  Btonea  crumUot  tlieir 
particles  may  be  wasbed  away  by  tbe  rains  to  a  lower  level, 
but  they  never  putrify  or  wholly  disappear; 

3<'.  They  consist  almost  entirely  of  two  or  more  of  tbe 
fi»ur  organic  elements  only.  The  mineral  substances  we 
meet  with  on  tbe  earth's  surface,  and  collect  for  our  cabi* 
nets,  often  contain  portions  of  many  elementary  bodies ; 
but,  with  few  exceptions,  the  organic  part  of  all  plants,  that 
which  lives  and  grows,  contains  only  the  four  simple  sub-^ 
stances  described  in  my  former  lecture. 

4<'.  They  are  distinguished  also  by  this  important  charac- 
ter, that  they  cannot  be  formed  by  human  art.  Many  of 
tbe  inorganic  eompounda  which  occur  in  the  mineral  cmst 
of  the  globe  can  be  produced  by  tbe  chemist  in  his  labora- 
tory, and  were  any  corresponding  benefit  likely  to  be  de- 
rived from  the  expenditure  of  time  and  labour,  there  is  rea* 
son  to  believe  that,  with  a  few  exceptions,  nature  might  be 
imitated  in  the  formation  of  any  of  her  mineral  productions. 
But  in  regard  to  organic  substances*  whether  animal  or  vege- 
table, the  chemist  is  perfectly  at  fault.  He  can  form  nei- 
ther woody  fibre,  nor  sugar,  nor  starch,  nor  muscular  fibre, 
nor  any  of  those  substances  which  constitute  the  chief  bulk 
of  animals  and  plants,  and  which  serve  for  the  food  of  ani- 
mated beings.  This  is  an  important  and  striking,  and  is,  I 
believe,  Kkely  to  remain  a  permanent  distinction,  between 
flsost  substances  of  or^nic  and  of  inorganic  origin. 

Looking  back  at  the  vast  strides  which  organic  cbemis- 
try  has  msude  vrithin  the  last  twenty  years,  and  is  still  con- 
tinuing to  make,  aad  trusting  to  the  continued  progress  of 
boman  discovery,  some  sanguine  chemists  venture  to  antici- 
pate tbe  time  when  the  art  of  man  shall  not  only  aci|uire- 
a  dominion  over  that  principle  of  life,  by  the  agency  of 
which  plants  now  grow  and  alone  produce  ibod  for  man  and 
beast,  but  shall  be  able  also,  io  many  cases,  to  imitate  or 
dispense  with  the  operations  of  that  principle ;  and  to  pre- 
dict that  the  time  will  come  when  man  shall  manufacture 
by  art  those  necessaries  and  luxuries  for  which  he  is  now 
wholly  dependent  on  the  vegetable  kingdom. 

And,  having  conquered  the  winds  and  the  waves  by  the 
agency  of  ataami  is  man  reaUy  destined  to  gain  a  victor}" 
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over  the  uncertain  seasons  too  t  Shall  he  come  at  last  to 
tread  the  soil  beneath  his  feet  as  a  really  useless  thing — ^to 
disregard  the  genial  shower,  to  despise  the  influence  of  the 
balmy  dew— *-to  be  indifierent  alike  to  rain  and  drought,  to 
cloud  and  to  sanshine-^to  laugh  at  the  thousand  cares  of 
the  husbandraan'^to  pity  the  useless  toil  and  the  sleepless 
anxieties  of  the  ancient  tillers  of  the  soil  t  Is  the  order  of 
nature,  through  all  past  time,  to  be  reversed — are  the  en* 
tire  constitution  of  society,  and  the  habits  and  pursuits  of 
the  whole  human  race,  to  be  completely  altered  by  the  pro- 
gress of  scientific  knowledge  ? 

By  placing  before  man  so  many  incitements  to  the  pur* 
suit  of  knowledge,  the  will  of  the  Deity  is,  that  out  of  this 
increase  of  wisdom  he  should  extract  the  means  of  increased 
happiness  and  enjoyment  also.  But  set  man  free  from  the 
necessity  of  tilling  the  earth  by  the  sweat  of  his  brow,  and 
you  take  from  him  at  the  same  time  the  calm  and  tranquil 
pleasures  of  a  country  life— the  innocent  enjoyments  of  the 
returning  seasons — ^the  cheerful  health  and  happiness  that 
wait  upon  labour  in  the  free  air  and  beneath  the  bright  sun 
of  heaven.  And  for  whatt — only  to  imprison  him  in  ma- 
nufactories, to  condemn  him  to  the  fretful  and  fipverish  life 
of  crowded  cities. 

To  such  ends,  I  trust,  science  is  not  destined  to  lead ;  and 
he  is  not  only  unreasonably,  but  thoughtlessly  sanguine,  who 
would  hope  to  derive  from  organic  chemistry  such  power 
over  dead  matter  as  to  be  able  to  fashion  it  into  food  for 
living  animals.  With  such  consequences  before  us  it  seema 
almost  sinful  to  wish  for  it. 

Yet,  that  this  branch  of  science  will  lead  to  great  amelio-^ 
rations  in  the  art  of  culture,  there  is  every  reason  to  believe* 
It  will  explain  old  methods — ^it  will  clear  up  anomalies,  re- 
concile contradictory  results  by  explaining  the  principles 
from  which  they  flow— and  will  suggest  new  methods  by 
which  better,  speedier,  or  more  certain  harvests  may  be 
reaped. 

^2.  Relative  proportions  of  organic  eUfMHis, 

Though  the  substance  of  plants  coasuts  chiefty  o£  the 
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four  organic  eleiDeotB,  yet  tbeae  bodies  enter  into  the  eon- 
stitutioQ  of  vegetablea  in  very  different  proportions.  This 
fact  hsB  already  been  adverted  to  in  a  general  manner;  it 
will  appear  more  dislinctly  by  the  following  statement  of 
the  exact  quantities  of  each  eiernent  contained  in  lOOO 
parts  by  weight  of  some  of  the  more  important  kiada  of 
vegetable  sut^tances  you  are  in  the  habit  of  cuiivating  :— • 
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The  numbers  in  tbe  above  table  represent  the  conatitu- 
don  of  tbe  plants  and  seeds  tften  in  the  atete  in  which  tbey 
ar«  given  to  cattle  or  are  laid  up  for  preoervation,  and  tbea 
dried  at  230°  Fahrenheit.  By  thia  drying  they  lost  seve- 
rally as  follows : 


1000  parts  of  Potatoes. 


lost    .    .    TSZpartaofwater. 


ditto  of  Wheat      .    .  —  .    .    166  ditto, 

ditto  of  Hay.     ...  —  .    .    166  ditto, 

ditto  of  Aftermath  Hay  —  136  to  140  ditto, 

ditto  o(  Oats.    ...  —  .    .     151  ditto, 

ditto  of  Clover  Seed  .  —  .    .    112  ditto, 

ditto  of  Peas.    ...  —  ..      88  ditto. 

Id  crops  as  tbey  are  reaped,  therefore,  and  even  as  they 
are  given  for  food,  much  water  is  presenL  When  artifi- 
cially dried,  the  carbon    approaches  to  ooe-half  of  their 


*  Bouuingaalt  Annaln  it  Chim.  at  tie  Pbji,  (1838) 

I  Ditto  Ilri4 

t  Kilo  Ibid 


II.  p.  30  \ 
1839)  Lixi.p.ll3to 
1838)Lzii.p.3S6. 
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weight— 'the  oxygen  to  more  than  one-third* — ^the  hydro- 
gen to  little  more  than  5  per  cent,  and  the  nitrogen  rarely 
to  more  than  2^  per  cent.  These  proportions  are  variable, 
but  they  represent  very  nearly  the  relative  weights  in  which 
these  elements  enter  into  the  constitution  of  those  forms  of 
vegetable  matter  which  are  raised  in  the  greatest  quantity 
&r  the  support  of  animal  life. 

Buty  besides  the  organic  part,  vegetable  substances  con- 
tain an  inorganic  portion,  which  remains  behind  in  the 
form  of  ash  when  the  plant  is  consumed  by  iire,  or  of  dust 
when  it  decomposes  and  disappears  in  consequence  of  na- 
tural decay. 

In  the  dried  hay,  oats,  &c.,  of  which  the  composition  is 
represented  in  the  above  table,  we  see  that  the  quantity  of 
ash  is  very  variable,  in  oats  being  as  small  as  4  per  cent., 
while  of  hay  every  hundred  pounds  left  10  of  ash.  A  simi- 
lar difference  is  observed  generally  to  prevail  throughout 
the  vegetable  kingdom.  Each  variety  of  plant,  when 
burned,  leaves  a  weight  of  ash,  more  or  less  peculiar  to  it- 
self. Herbaceous  pfants  generally  leave  more  than  the 
wood  of  trees — and  different  parts  of  the  same  plant  yield 
unlike  quantities  of  inorganic  matter.t  These  facts  are  of 
great  importance  in  the  theory  and  in  the  enlightened 
practice  of  agriculture.  They  will  hereafter  come  under 
special  and  detailed  consideration,  when  we  shall  have  ex- 
amined the  nature  of  the  soils  in  which  plants  grow,  and 
shall  be  prepared  to  consider  the  chemical  nature,  the 
source,  and  the  functions,  of  the  inorganic  compounds 
which  exist  in  living  animal  and  vegetable  substances. 

§  3.  Of  ike  farm  or  Hate  of  combination  in  which  the  organic 
elements  enter  into  and  minister  to  the  growth  of  plants. 

From  the  details  already  presented  in  the  preceding  Lec- 

*  This  will  appear  no  way  inconsistent  with  the  statement  in  the  former 
IiectuFO,  that  oxygen  constitutes  one-half  by  weight  of  all  living  plants,  when 
it  is  recollected  that  of  the  water  driven  off  in  drying  tliese  plants,  eight- 
ninths  by  weight  consist  of  oxygen,  and  that  600  lbs.  of  grass,  for  example, 
yield  only  from  80  to  100  lbs  of  hay. 

t  Thus  of  the  oak,  the  dried  bark  left  60  of  i^sh— the  dried  leaves  53— <be 
dried  alburnum  4 — and  thfi  dried  wood  only  2  parts  in  a  thousand  of  ash.<-« 
2>e  Saiusnre^ 
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tore,  in  regard  to  the  properties  of  carbon  and  hydrogen, 
lad  the  circumstances  under  which  they  are  met  with  in 
natare, — it  will  readily  occar  to  you  that  neither  of  these 
elementary  bodies  is  likely  to  enter  directly,  or  in  a  simple 
state,  into  the  circulation  of  plants.  The  former  (carbon) 
being  a  solid  substance,  and  insoluble  in  water,  cannot  ob- 
tun  admission  into  the  pores  of  the  roots,  the  only  parts  of 
the  plants  with  which,  in  nature,  it  can  come  in  contact. 
The  latter,  (hydrogen)  does  not  occur  either  in  the  atmos- 
phere or  in  the  soil  in  any  appreciable  quantity,  and  hence, 
m  its  simple  state,  forms  no  part  of  the  food  of  plants. 
Oxygen  and  nitrogen,  again,  both  exist  in  the  atmosphere 
in  the  gaseous  state,  and  the  former  is  known  to  be  inhaled, 
under  certain  conditions,  by  the  leaves  of  plants.  Nitro- 
gen may  also  in  like  manner  be  absorbed  by  the  leaves  of 
living  plants,  but,  if  so,  it  is  in  a  quantity  so  small  as  to 
have  hitherto  escaped  detection.  The  two  latter  substances 
(oxygen  and  nitrogen)  are  also  slightly  soluble  in  water, 
and,  besides  being  inhaled  by  the  leaves,  may  occasionally 
be  absorbed  in  minute  quantity  along  with  the  water  taken 
in  by  the  roots.  But  by  far  the  largest  proportion  of  these 
two  elementary  bodies,  and  the  whole  of  the  carbon  and 
hydrogen  which  find  their  way  into  the  interior  of  plants, 
have  previously  entered  into  a  state  of  mutual  combiuation 
— forming  what  are  called  distinct  chemical  compounds. 
Before  describing  the  nature  and  constitution  of  these 
compounds,  it  will  be  proper  to  explain,  l^'.  the  eonstitu* 
tion  of  the  atmosphere  in  which  plants  live,  and,  2^.  the 
nature  of  chemical  combination  and  the  laws  by  which  it 
IS  regulated. 


§  4.  On  the  eansiitutum  of  the  atmosphere. 

m 

The  air  we  breathe,  and  in  which  plants  live,  is  composed 
principally  of  a  mixture  of  oxygen  and  nitrogen  gases,  in 
ik»  proportion  very  nearly  of  2^1  of  the  former  to  79  of  the 
latter.  It  contains,  however,  as  a  constituent  necessary  to 
the  very  existence  of  vegetable  life,  a  small  per  centage  of 
csrbonic  acid.    On  an  average  this  carbonic  acid  amounts 
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to  aboat  jjf^tk  part*  of  the  bulk  of  the  air.  On  the  Bhores 
of  the  sea,  or  of  great  lakes,  this  quantity  diminishes ; 
and  it  becomes  sensibly  less  as  we  recede  from  the  land. 
It  is  also  less  by  day  than  by  night  (as  3*38  to  4*32),  and 
over  a  moist  than  over  a  dry  soil. 

The  air  is  also  imbued  wiih  moisture.  Watery  vapour 
IB  every  where  diffused  through  it,  but  the  quantity  varies 
with  the  season  of  the  year,  with  the  climate,  with  the  na- 
ture of  the  locality,  with  its  altitude,  and  with  its  distance 
firom  the  equator.  In  temperate  climates,  it  oscillates  on 
the  same  spot  between  i  and  1^  per  cent,  of  the  weight  of 
the  air ;  being  least  in  mid- winter  and  greatest  in  the  hot 
months  of  summer.  There  are  also  mingled  with  the  at- 
mosphere, traces  of  the  vast  variety  of  substances  which  are 
capable  of  rising  from  the  surface  of  the  earth  in  the  form 
of  vaponr :  such,  for  example,  as  are  given  cff  by  decaying 
animal  or  vegetable  matter — which  are  the  produce  of  dia- 
ease  in  either  class  of  bodies-^-or  which  are  evolved  during^ 
the  operations  of  nature  in  the  inorganic  kingdom,  or  by  the 
artificial  processes  of  man.  Among  these  accidental  va- 
pours are  to  be  included  those  miasmata,  which,  in  certain 
parts  of  the  world,  render  whole  districts  unhealthy,— -as 
well  as  certain  compounds  of  ammonia,  which  are  in* 
ferred  to  exist  in  the  atmosphere,  because  they  can  be  de* 
tected  in  rain  water,  or  in  snow  which  has  newly  fallen. 

In  this  constitution  of  the  atmosphere  we  can  discover 
many  beaotiful  adaptations  to  the  wants  and  structure  of  ani- 
mals and  plants.  The  exciting  effect  of  pure  oxygen  on 
the  animal  economy  is  diluted  by  the  large  admixture  with 
nitrogen ;  the  quantity  of  carbonic  acid  present  is  sufficient 
to  supply  food  to  the  plant,  while  it  is  not  so  great  as  to 
prove  injurious  to  the  animal ; — ^and  the  watery  vapoor 
suffices  to  maintain  the  requisite  moisture  and  flexibility  of 
the  parts  of  both  orders  of  beings,  without  in  general  being 
in  such  a  proportion  as  to  prove  hurtful  to  either. 

The  air  also,  by  its  subtlety,  diffuses  itself  every  where. 
Into  every  pore  of  the  soil  it  makes  its  way.    When  there, 

*  0*04  per  oenc  The  mean  o^  104  experiineots  omde  by  SuiMum  mg 
Geneva  at  all  tamee  of  the  year  and  of  the  day  gave  4' 15  volumea  in  lOOOO. 
The  maxxmom  was  5*74,  and  the  mioimum  3*15. 
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it  yields  its  oxygen  or  its  carbonic  acid  to  the  dead  vege- 
table matter  or  to  the  living  root.  A  shower  of  rain  expels 
the  half-corrupted  air,  to  be  succeeded  by  a  purer  portion 
as  the  water  retires.  The  heat  of  the  sun  warms  the  soil, 
and  expands  the  imprisoned  gases, — these  partially  escape, 
and  are,  as  before,  replaced  by  other  air  when  the  rays  of 
the  sun  are  withdrawn. 

By  the  action  of  these  and  other  causes  a  constant  circu- 
lation is,  to  a  certain  extent,  kept  up, — between  the  atmos- 
phere on  the  surface,  which  plays  among  the  leaves  and 
stems  of  plants,  and  the  air  which  mingles  with  the  soil  and 
ministers  to  the  roots.  The  precise  effect  and  the  impor- 
tance of  this  provision  will  demand  our  consideration  in  a 
future  lecture. 

^  6.  The  nature  and  laws  of  chemical  comhination. 

The  tevms  combine  and  combifuUion  in  chemical  language 
have  a  strict  and  precise  application.  If  sand  and  saw-dust 
be  rubbed  together  in  a  mortar  they  may  be  intimately  in- 
termingled, but  by  pouring  water  on  the  mass  we  can  sepa- 
rate the  particles  of  wood  and  leave  the  sand  unchanged 
behind.  So  if  we  stir  oatmeal  and  water  together,  we  may 
cause  them  perfectly  to  mix  together,  but  by  the  aid  of  a 
gentle  heat  we  can  expel  the  water  and  obtain  dry  oatmeal 
in  its  original  condition.  Or,  by  putting  salt  into  water,  it 
will  dissolve  and  disappear,  and  form  what  is  called  a  solu- 
tion, but  by  boiling  it  down,  as  is  done  in  our  salt-pans,  the 
water  may  be  entirely  removed  and  the  salt  procured  of  the 
weight  originally  employed  and  possessed  of  its  original 
properties. 

In  noiie  of  these  cases  has  any  chemical  action  taken 
place,  or  any  permanent  change  been  produced,  upon  any 
of  the  substances.     The  two  former  were  merely  mixtures. 

Jn  all  cases  of  chemical  action  a  permanent  change  takes 
place  in  someoflhe  substances  employed;  and  this  change  it 
the  result  either  of  a  chemical  combination,  or  of  a  chemical 
.decomposition. 

Thus  when  sulphur  is  burned  in  the  air,  it  is  converted 
into  white  vapours  possessed  of  a  powerful  and  very  un- 
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ploasent  odour,  and  whicb  continue  to  be  given  off  until  tbe 
whole  of  tbe  sulphur  is  dissipated. 

Here  a  solid  substance  is  permanently  changed  into 
noxious  vapours  which  disappear  in  the  air,  and  this  change 
is  caused  by  the  combination  of  the  sulphur  with  the  oxygen 
of  the  atmosphere. 

In  like  manner  when  limestone  is  put  into  a  kiln  and 
strongly  heated  or  burned ,  it  is  changed  or  converted  into 
quicklime — a  substance  very  different  in  its  properties  from 
^he  natural  limestone  employed.  But  this  is  a  case  of 
chemical  decomposition.  The  limestone  consists  of  lime 
and  carbonic  acid.  By  the  heat  these  are  separated,  the 
latter  is  driven  off  and  the  former  remains  in  the  kiln. 

Again,  when  a  jet  of  hydrogen  gas  is  kindled  in  the  air 
or  in  oxygen  gas,  it  burns  with  a  pale  yellow  fiamo.  If  a 
cold  vessel  be  held  over  this  flame,  it  speedily  becomes  be- 
dewed with  moisture,  and  drops  of  water  collect  upon  it. 
How  remarkable  the  change  which  hydrogen  undergoes 
daring  this  combustion  I  It  unites  with  the  oxygen  of  the 
atmosphere  and  forms  water.  How  different  in  its  proper- 
ties is  this  water  from  either  the  oxygen  or  the  hydrogen  by 
die  union  of  which  it  is  formed  1  The  former  a  liquid,  the 
latter  gases;  the  former  an  enemy  to  all  combustion, 
while  of  the  latter,  the  one  (hydrogen)  burns  readily,  the 
other  (oxygen)  is  the  very  life  and  support  of  combustion 
in  all  other  bodies. 

1°,  It  appears,  therefore,  that  chemical  combination  or 
decomposition  is  always  attended  by  a  permanent  change. 

2<^.  That  when  combination  takes  place  a  new  substance 
-is  formed  differing  in  its  properties  from  any  of  these  from 
which  it  was  produced,  or  of  which  it  consists. 

When  two  or  more  elementary  bodies  thus  unite  together 
to  form  a  new  substancoi  this  new  substance  is  calied  a 
ehemieal  compound.  Thus  water  is  a  compound  (not  a 
mixture)  of  the  two  elementary  bodies  oxygen  and  hy- 
drogen. 

Now  when  such  combination  takes  place,  it  is  found  to 
do  so  always  in  accordance  with  certain  fixed  laws.     Thus  s 

I.  Bodies  unite  together  only  in  conMiant  and  definite  pro^ 
fwtifrtii.    We  can  mix  together  oxygen  [and  hydrogen 
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• 

gasea,  for  example,  in  any  proportion,  a  gallon  of  the  one 
with  any  number  of  gallons  of  the  other,  but  if  we  burn  two 
gallons  of  hydrogen  gas  in  any  greater  number  of  gallons 
of  oxygen,  they  will  only  consume  or  unite  with  one  gallon 
of  the  oxygen,  the  rest  of  this  gas  ramaining  unchanged, 
A  quantity  of  water  will  be  formed  by  this  union,  in  which 
the  whole  of  the  hydrogen  will  be  contained,  combined 
with  all  the  oxygen  that  has  disappeared.  Under  no  cir- 
cumstances can  we  burn  hydrogen  so  as  to  cause  it  to  con- 
sume more  oxygen,  or  from  a  given  weight  of  hydrogen  to 
produce  more  than  a  known  weight  of  water.  And  as 
oxygen  is  nearly  sixteen  times  heavier  than  nitrogen,  it  is 
obvious  that  one  gallon  of  the  former  is  about  eight  times 
heavier  than  two  gallons  of  the  latter,  so  that  by  weight 
these  two  gases,  when  thus  burned,  unite  together  nearly 
in  the  proportion  of  1  to  8, — one  pound  of  hydrogen  forming 
nine  pounds  of  water. 

Again,  when  pure  carbon  is  burned  in  the  air,  it  unites 
with  a  fixed  and  constant  weight  of  oxygen  to  form  car- 
bonic acid ;  it  never  unites  with  more,  and  it  does  not  form 
carbonic  acid  when  it  unites  with  less. 

Now  this  law  of  fixed  and  definite  proportions  is  found 
to  hold  in  regard  to  all  bodies,  and  in  all  cases  of  chemical 
combination.     Thus  we  have  seen  that — 

By  weight.  By  weight. 

1  of  hydrogen  combioef  with  8  of  oxygen  to  form  water. 

So  6  of  carbon  combine 8 carbonic  oxide. 

and  14  of  nitrogen  • 8 nitrout  oxyde. 

Hence  I  of  hydrogan,  6  of  carbon,  and  14  of  nitrogen 
unite  respectively  with  the  weight  (8)  of  oxygen.  These 
several  numbers,  therefore,  are  said  to  be  equtvaletU  to  each 
other  (they  are  equivaleTU  numbers).  Or  they  represent  the 
fixed  and  definite  proportions  in  which  these  several  sub- 
stances combine  together  (they  are  definite  proporlionaU)* 
Some  chemists  consider  these  numbers  to  represent  the  re- 
lative weights  of  the  atoms  or  smallest  particles  of  which 
the  several  substances  are  made  up,  and  hence  not  unfre- 
quently  speak  of  them  as  the  atomic  weights  of  these  sub- 
stances, or  more  shortly  their  atoms. 

For  the  sake  of  brevity,  it  is  often  useful  to  represent  the 
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simple  or  elementary  bodies  shortly  by  the  initial*  letter  of 
their  names.  Thus  hydrogen  is  represented  by  H,  carbon 
by  C,  and  nitrogen  by  N,  and  these  letters  are  used  to 
denote  not  only  the  substances  themselves,  but  that  quantity 
which  is  recognised  as  its  equivalent^  proportianalf  or  atomic 
weight.     Thus : 

Equivalent 
Symbol,    or  atomic  Name, 

weight*. 
H  denotes  1  by  weight,  of  hydrogen. 

C 6 carbon. 

O....  .8.  .......  oxygen. 

N  .  .  .  .    14* nitrogen. 

Chemical  combination  is  expressed  shortly  by  placing 
these  letters  in  juxta-position,  or  sometimes  in  brackets, 
with  the  sign  plus  (4*)  between  them.  Thus  H  O  or 
(H  -{'  O)  denotes  the  combination  of  one  atom  or  equiva- 
lent of  hydrogen  with  one  of  oxygen,  that  is  water;  and 
at  the  same  time  a  weight  of  water  (9),  equal  to  the  sum 
of  the  atomic  weights  (1  +  8)  of  hydrogen  and  nitrogen. 

A  number  prefixed  or  appended  to  a  symbol,  denotes  that 
so  many  equivalents  of  the  substance  represented  by  the 
symbol  are  meant,  as  that  number  expresses.  Thus  2  H  O, 
3  H  O,  or  3  (H  H-  O),  mean  two  or  three  equivalents  of 
water,  3  H  or  H'  three  equivalents  of  hydrogen,  and  4  C 
or  C^  8  N  or  N^  four  of  carbon  and  two  of  nitrogen  res* 
pectively. 

11.  Not  only  are  the  quantities  of  the  substances  which 
unite  together  definite  and  constant,  but  the  properties  or 
polities  of  the  substances  formed  are  in  general  equally  so. 
The  properties  of  pure  water  or  of  carbonic  acid  are  con- 
stant and  invanable  under  whatever  circumstances  they 
nay  be  formed,  and  the  elements  of  which  they  consist, 
when  they  combine  together  in  the  same  proportions,  are 
never  known  to  form  any  other  compounds  but  water  and 
carbonic  acid. 

This  law,  however,  though  generally,  is  not  universally 
true.    Many  substances  are  known  which  contain  the  same 


• 


More  correctly  1,  6  13,  8*013,  and  14*19. 
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elements  united  together  in  the  same  proportions,  and 
which,  nevertheless,  possess  very  difierent  properties.  Oil 
of  turpentine  and  oil  of  lemons  are  in  this  condition.  They 
both  consist  of  the  same  elements,  carbon  and  hydrogen, 
united  togetherinlhe  same  proportions,  and  yet  their  sensi- 
ble properties  as  well  as  their  chemical  relations*  are  very 
dissimilar.    . 

Cane  sugar,  starch,  and  gum,  all  of  them  abundant  pro- 
ducts of  the  vegetable  kingdom,  consist  also  of  the  same 
elements,  carbon,  hydrogen,  and  oxygen,  united  toge- 
ther in  the  same  proportions,  Bpd  may  even  be  represented 
by  the  same  f&rmula  (C*'  H^**  0*°),t  and  yet  these  sub- 
stances are  as  unlike  to  each  other  in  their  properties,  as 
many  bodies  are  of  which  the  chemical  composition  is  very 
different.  To  compounds  thus  difiering  in  their  properties-, 
and  yet  containing  the  same  elements,  in  the  same  propor- 
tions, chemists  have  given  the  name  of  Isomeric  bodies^  I 
shall  have  occasion  to  make  you  more  familiar  with  somtf 
of  them  hereafter, 

8^.  Another  important  law  by  which  chemical  combtna« 
tions  are  regulated,  is  known  by  the  name  of  the  law  of 
multiple  proportions.  Some  substances  are  observed  to  be 
capable  of  uniting  together  in  more  than  one  proportion. 
Thus  carbon  unites  with  oxygen  in  several  proportions, 
forming  carbonic  oxide,  carbonic  acid,  oxalic  acid,  &c. 
Now  when  such  is  the  case,  it  is  found  that  the  quantity 
(the  weight)  of  each  substance  which  enters  into  the  several 
compounds,  if  not  actually  represented  by  the  equivalent 
number  or  atomic  weight,  is  represented  by  some  simple 
multiple  of  that  number.  Thus  two  equivalents  of  carbon 
unite  with  2,  3,  or  4  equivalents  of  oxygen,  to  form  carbo- 
nic oxide,  oxalic  acid,  and  carbonic  acid  respectivelyt'-i^ 
while  one  of  nitrogen  unites  with  1,  2,  3,  4,  or  6  oxygen 
to  form  a  series  of  compounds,  of  which  the  last  (N  Cr)  ni* 

'  By  the  chemical  relationn  of  a  substance  are  meant  the  eflRBCtt  whicli 
are  produced  upon  it  by  contact  with  other  cbemieal  substances. 

t  This  formula  means  that  starch,  gum,  and  sugar,  concist  of  1%  eqnivi^*> 
lents  of  carbon  united  to  10  of  hydrogen  and  10  of  oxygen. 

4* 
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trie  acid,  is  tlie  only  one  I  shall  have  frequent  occasion  to 
speak  of  in  the  present  lectures. 

This  law  of  multiple  proportions,  though  of  great  impor- 
tance in  chemical  theory,  I  do  not  further  illustrate,  as  we 
shall  have  very  little  occasion  to  refer  to  it  in  the  discussion 
of  the  several  topics  which  will  hereafter  come  before  us* 


Having  thus  briefly  explained  the  nature  and  laws  of 
chemical  combination,  I  proceed  to  make  you  acquainted 
with  those  chemical  compounds  of  the  organic  elements 
which  are  known  or  are  supposed  to  minister  to  the  growth 
of  plants. 

The  number  of  compounds  which  the  four  organic  ele- 
ments form  with  each  other  is  almost  endless ;  but  of  this 
number  a  very  few  only  are  known  to  minister  directly  to 
the  growth  or  nourishment  of  plants.  Of  these,  water, 
carbonic  acid,  ammonia,  and  nitric  acid,  are  the  most  im- 
portant ;  but  it  will  be  necessary  shortly  to  advert  to  a  few 
•thersy  of  the  occurrence  or  production  or  action  of  which 
we  may  hereafter  have  occasion  to  speak. 

§  6.  Of  water  and  its  relatiana  to  vegetable  life. 

Water  is  a  compound  of  oxygen  and  hydrogen  in  tbe 

{>roportion,  as  already  stated,  of  8  of  the  former  to  1  oftbe 
.atter  by  weight,  or  of  1  volume  of  oxygen  to  2  of 
hydrogen. 

It  is  more  universally  diffused  throughout  nature  than 
any  other  chemical  compound  with  which  we  are  acquaint- 
ed, performs  most  important  functions  in  reference  to  ani- 
mal and  vegetable  life,  and  is  endowed  with  properties  by 
which  it  is  wonderfully  adapted  to  the  existing  condition  of 
things. 

We  are  familiar  with  this  substance  in  three'several  states 
of  cohesion, — in  the  solid  form  as  ice,  in  the  fluid  as  water, 
ax»d  in  the  gaseous  as  steam.  At  32^  F.  and  at  law  tern* 
perature,  it  continues  solid,  at  higher  temperatures  it  melts 
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and  forms  a  liquid  (water),  which  at  212o  F.  be^ns  to  boil 
and  is  converted  into  steam.  By  this  change  its  bulk  is 
increased  1700  times,  and  it  becomes  nearly  two-fifths  light- 
er than  common  air.*  It  therefore  readily  rises  into  and 
diffuses  itself  through  the  atmosphere. 

I.  There  are  only  one  or  two  circumstances  in  which 
water  in  the  solid  form  materially  affects  or  interferes  with 
the  labours  of  the  agriculturist. 

1^.  During  the  frost  of  a  severe  winter,  the  soil  contracts 
and  appears  to  shrink  in.  But  the  water  contained  in  its 
pores  freezes  and  expands,  and  the  minute  crystals  of  ice 
thus  formed  separate  the  particles  of  the  soil  from  each 
other.  This  expansion  of  the  water  in  dry  soils  may  not 
be  equal  to  the  natural  contraction  of  the  soil  itself,  yet  still 
it  is  sufficient  to  cause  a  considerable  separation  of  the 
earthy  particles  throughout  the  whole  frozen  mass.  When 
a  milder  temperature  returns,  and  a  thaw  commences,  the 
soil  expands  and  gradually  returns  to  its  former  bulk  ,  but 
the  outer  layers  thaw  first,  and  the  particles  being  previ- 
ously separated  by  the  crystals  of  ice,  and  now  loosened  by 
the  thaw,  fall  off  or  crumble  down,  and  thus  the  soil  be- 
comes exposed  to  the  mellowing  action  of  the  atmosphere 
which  is  enabled  everywhere  to  pervade  it.  On  heavy  clay 
land  this  effect  of  the  winter's  frost  not  uufrequently  proves 
very  beneficial.! 

2^^.  In  the  form  of  snow  it  has  been  often  supposed  to 
be  beneficial  to  winter  wheat  and  other  crops.  That  a 
heavy  fall  of  snow  will  shelter  and  protect  the  soil  and  crop 
from  the  destructive  effects  of  any  severe  cold  which  may 
follow,  there  can  be  no  doubt.  It  forms  a  light  porous ' 
covering,  by  which  the  escape  of  heat  from  the  soil  is  al- 

*  Common  sir  bein|f  1,  Bteom  is  0*62. 

t  Tbit  alternate  eontracdon  and  expannon  is  often  injuriout  to  the  prao^ 
tical  firmer  in  throwing  ovi  hii  winter  wheat.  Some  varieties  are  said  to 
be  mare  thrown  out  than  others,  and  this  peculiarity  is  sometimes  ascribed 
to  the  longer  and  stronger  roots  which  shoot  from  one  variety  than  from 
another;  it  may,  however,  be  occasionally  owing  to  the  different  nature  of 
the  soils  in  which  lite  trials  have  been  made,  or  whto,  in  the  savie  soilj  t» 
tba  different  states  of  diynets  at  difierent  times. 
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moat  entirely  prevented.  It  defends  the  young  shoots  also 
from  these  alten^ ations  of  temperature  to  which  the  periodic 
cal  return  of  the  sun's  rays  continually  exposes  them  ;* 
and  when  a  thaw  arrives,  by  slowly  melting,  it  allows  the 
tender  herbage  gradually  to  accustom  itself  to  the  milder 
atmosphere* 

In  this  manner  there  is  no  doubt  that  a  fall  of  snow  may 
often  be  of  great  service  to  the  practical  farmer.  But  some 
believe  that  winter  wheat  actually  thrives  under  snow.  On 
this  point  I  cannot  speak  from  personal  knowledge,  but  I 
will  here  mention  two  facts  concerning  snow,  which  may 
possibly  be  connected  with  its  supposed  nourishing  quality. 

In  the  first  place,  snow  generally  contains  a  certain  quan- 
tity of  ammonia,  or  of  animal  matter  which  gives  off*  ana- 
monia  during  its  decay.  This  quantity  is  variable,  and  is 
occasionally  so  small  as  to  be  very  difficult  of  detection, 
Liebig  found  it  in  the  snow  of  the  neighborhood  of  Gies- 
sen,  and  I  have  this  winter  detected  traces  of  it  in  the  snow 
which  fell  in  Durfaamf  during  two  separate  storms.  This 
ammonia  is  present  in  greater  quantity  in  the  first  portions 
that  fall  and  lie  nearest  the  plant.  Hence  if  the  plant  can 
grow  beneath  the  snow,  this  ammonia  may  affect  its  growth  ; 
or  when  the  first  thaw  comes  it  may  descend  to  the  root, 
and  may  there  be  imbibed.  Rain  water  also  contains  am- 
monia, but  when  rain  falls  in  large  quantity  it  runs  off  the 

*  The  effects  of  such  alternations  are  seen  on  the  occurrence  of  a  night's 
frost  in  spring.  If  the  sun's  rays  foil  in  the  early  morning,  on  a  froien  shoot, 
it  droops,  withers,  and  blackens — ^it  is  destroyed  by  the  frost.  If  the  plant 
be  in  a  shaded  spot,  where  the  sun  does  not  reach  it  till  after  the  whole 
atmosphere  has  been  gradually  heated,  and  the  frosen  tissue  slowly  thawed, 
its  leaves  sustain  little  injury,  and  the  warmth  of  the  8iro*s  rays,  instead  of 
injuring,  cherish  and  invigorate  it.  This  effiH^tof  $udden  alternations  of 
temperature  on  organic  matter  explains  many  phenomena,  to  which  it  would 
here  be  out  of  place  to  advert. 

A  thick  light  covering  of  porous  earth  not  beaten  down  preserves  the 
potato  pit  from  the  effects  of  the  frost  better  than  a  solid  compact  coating 
of  clay,  in  the  same  way  as  snow  protects  the  herbage  better  than  a  riieet  of 
ice ;  and  it  is  because  of  the  porosity  of  the  covering,  that  ice  may  be  pre- 
served more  effectually,  and  for  a  longer  period  in  a  similar  pit,  than  in 
many  well  constructed  Ice-hoases. 

t  By  adding  two  drops  of  sulphuric  acid  to  four  pints  of  snow  water. 
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land,  and  raay  do  less  good  than  the  snow,  which  lies 
and  melts  gradually.* 

Another  singular  property  of  snow  is  the  power  it  possess- 
es of  absorbing  oxygen  and  nitrogen  from  the  atmosphere, 
in  proportions  very  different  from  those  in  which  they  exist 
in  the  air.  The  atmosphere,  as  already  stated,  contains  21 
per  cent,  of  oxygen  by  volume  (or  bulk),  but  the  air  which 
IS  present  in  the  pores  of  snow  has  been  found  by  various 
observers  to  contain  a  much  smaller  quantity.  Boussin- 
gaulit  obtained  from  air  disengaged  by  melting  snow  17 
percent,  of  oxygen  only,  and  De  Saussure  found  still  less. 
The  difficulty  of  respiration  experienced  on  very  high  moun- 
tains has  been  attributed  to  the  nature  of  the  air  liberated 
from  snow  when  melted  by  the  sun's  rays.  Whether  the 
air  retained  among  the  pores  of  the  snow,  which  in  severe 
winters  covers  our  corn-fields,  be  equally  deficient  in  oxy- 
gen with  that  examined  by  Boussingault,  and  whether,  if 
it  be,  the  abundance  of  nitrogen  can  at  all  affect  vegeta- 
tion, are  matters  that  still  remain  undetermined. 

II.  In  the  fluid  state,  that  of  water,  the  agency  of  this 
compound  in  reference  to  vegetable  life,  though  occasion- 
ally obscure,  is  yet  every  where  discernible. 

Pure  water  is  a  colourless  transparent  fluid,  destitute  of 
either  taste  or  smell.  It  enters  largely  into  the  constitu- 
tion of  all  living  animals  and  plants,  and  forms  upwards  of 
one  half  of  the  weight  of  all  the  newly  gathered  vegetable 
substances  we  are  in  the  habit  of  cultivating  or  collecting 
for  the  use  of  man.| 

Not  only  does  it  enter  thus  largely  into  the  constitution 
of  all  animals  and  plants,  but  in  the  existing  economy  of 
nature  its  presence  in  large  quantities  is  absolutely  neces* 
Bary  to  the  persistence  of  animal  and  vegetable  life.  In 
the  midst  or  abundant  springs  and  showers,  plants  shoot 

cVBpor&tiog  to  drynetf,  and  mixing  tbe  dry  mass  with  quicklime  or  caustic 
potash.  Tbe  residual  mass  contained  a  brown  organic  matter  mixed  with 
the  sulphate  of  ammonia. 

*  For  the  properties  of  ammonia,  see  Lectui^  III. 

t  Annaleo  der  Physik  (Poggeodorf),  xxxiv.  p.  211. 

I  Seepage  33. 
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understand  how  iadespensable  it  is  to  the  continued  fertility 
of  the  soil. 

Nor  is  it  merely  earthy  and  saline  substances  which  the 
water  dissolves,  as  it  thus  percolates  through  the  soil.  It 
takes  up  also  substances  of  organic  origin,  especially  por- 
tions of  decayed  animal  and  vegetable  matter, — such  as  are 
supposed  to  be  capable  of  ministering  to  the  growth  of 
plants, — and  brings  them  within  reach  of  the  roots. 

This  solvent  power  of  water  over  solid  substances  is  in- 
creased by  an  elevation  of  temperature.  Warm  water,  for 
example,  will  dissolve  Epsom  salts  or  oxalic  acid  in  much 
larger  quantity  than  cold  water  will,  and  the  same  is  true 
of  nearly  all  solid  substances  which  this  fluid  is  capable  of 
'holding  in  solution.  To  this  increased  solvent  power  of  the 
water  they  absorb,  is  ascribed,  among  other  causes,  the  pe- 
culiar characterof  the  vegetable  productions,  as  well  as  their 
extraordinary  luxuriance,  in  many  tropical  countries. 

2^.  But  the  affiinily  which  water  exhibits  for  many  solid 
substances  is  little  less  important  and  remarkable. 

When  newly  burned  lime  is  thrown  into  a  limited  quan- 
tity of  water  the  latter  is  absorbed,  while  the  lime  heats» 
cracks,  swells,  and  finally  falls  into  a  white  powder.  When 
thus  perfectly  slaked,  it  is  found  to  be  one-third  heavier 
than  before — every  three  tons  having  absorbed  one  ton  of 
water.  This  water  is  retained  in  a  solid  form,  more  solid 
than  water  is  when  in  the  state  of  ice,  and  it  cannot  be  en- 
tirely separated  from  the  lime  without  the  application  of  a 
red  heat  When  you  lay  upon  your  land,  therefore,  four 
tons  of  slaked  lime,  you  mix  with  your  soil  one  ton  of 
water,  which  the  lime  afterwards  gradually  gives  up,  either 
in  whole  or  in  part,  as  it  combines  with  other  substances. 
To  this  fact  we  shall  return  when  we  hereafter  consider  the 
various  ways  in  which  lime  acts,  when  it  is  employed  bj 
the  farmer  for  the  purpose  of  improving  his  land.* 

For  clay  also,  water  has  a  considerable  affinity,  though  by 
no  means  equal  to  that  which  it  displays  for  quicklime. 
Hence,  even  in  well  drained  clay  lands,  the  hottest  summer 


*  See  the  tubieqaent  lecture, ''  On  the  actum  of  liwu  wken  employed  «e 


a  mannre,^* 
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does  not  entirelj  rob  the  clay  of  its  water.  It  cracksi  eon- 
tracts,  and  becomes  hard,  yet  still  retains  water  enough  to 
keep  its  wheat  crops  green  and  flourishing,  when  the  her- 
bage on  lighter  soils  is  drooping  or  burned  up. 

A  similar  (iffinUy  for  water  is  one  source  of  the  advanta- 
ges which  are  known  to  follow  from  the  admixture  of  a 
certain  amount  of  vegetable  matter  with  the  soil ;  thoueh, 
as  in  the  case  of  charcoal,  its  porosity*  is  probably  more  in- 
fluential in  retaining  moisture  near  the  roots  of  the  plants.t 

3^.  The  degree  of  aflinity  by  which  the  elements  of  wa- 
ter are  held  together,  exercises  a  mafterial  influence  on  the 
growth  and  production  of  all  vegetable  substances. 

If  I  bum  a  jet  of  hydi^gen  gas  in  the  tiiT^  water  U  formed 
by  the  union  of  the  hydrogen  with  the  oxygen  of  the  atmos- 
phere, for  which  it  manifests  on  many  occasions  an  ap- 
parently powerful  affinity.  But  if  into  a  vessel  of  water  I 
put  a  piece  of  iron  or  2inc  and  then  ^dd  sulphuric  acid,  the 
\oater  is  decomposed  and  the  hydrogen  set  free,  while  the 
metal  combines  with  the  oxygen. 

So  in  theinterior  of  plants  and  animals,  water  underffoes 
continual  c2pcomposition  and  recomposition.  In  its  fluid 
state,  it  finds  its  way  and  exists  in  every  vessel  and  in  every 
tissue.  And  so  slight,  it  would  appear,  in  such  situations, 
is  the  hold  which  its  elements  have  upon  each  other— or  so 
strong  their  tendency  to  combine  with  other  substances, 
that  they  are  ready  to  separate  from  each  other  at  every  im- 
pulse—yielding now  oxygen  to  one,  and  now  hydrogen  to 
another,  as  the  production  of  the  several  compounds  which 
each  organ  is  destined  to  elaborate  respectively  demands. 
Yet  with  the  same  readiness  do  they  again  re-attach  them- 
selves and  cling  together,  when  new  metamorphoses  require 
it.  It  is  in  the  form  of  water,  indeed,  that  nature  intro- 
duces the  greater  portion  of  the  oxygen  and  hydrogen 

*  Affinity  for  water  ceases  a  vegetable  matter  to  combine  chemically  with 
it,  porotity  caases  it  merely  to  drink  in  the  water  mechanically,  and  to  retain 
it,  unekangedt  in  its  pores. 

t  For  an  exposition  of  the  intimate  relation  of  water  to  the  chemical  con- 
Btitttiion  of  the  solid  parts  of  living  vegetable,  see  a  subsequent  Lectore,  "On 
the  nature  and  prodvctionoftke  substanecM  of  which  plants  chiefiycanr 
sitl." 
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which  t>erforin  so  important  a  part  in  the  numerous  and  di- 
yenified  changes  which  take  place  in  the  interior  of  plants 
and  animals.  Few  things  are  really  more  wonderful  in 
chemical  physiology,  than  the  vast  variety  of  transmuta- 
tions which  are  continually  going  on,  through  the  agency 
of  the  elements  of  water. 

III.  In  the  state  of  vapour  water  ministers  most  material- 
ly to  the  life  and  growth  of  plants.  It  not  only  rises  into 
the  air  at  212^  Fhr.  when  it  hegins  to  hoil,  but  it  disappears 
or  etaporatesfrom  open  vessels  at  almost  every  temperature, 
with  a  rapidity  proportioned  to  the  previous  dryness  of  the 
air,  and  the  velocity  and  temperature  of  the  atmospheric 
currents  which  pass  over  it.  Even  ice  and  snow  are  grad- 
ually dissipated  in  the  coldest  weather,  and  sometimes  with 
a  degree  of  velocity  which  at  first  sight  seems  truly  sur- 
prising.* 

It  dius  happens  that  the  atmosphere  is  constantly  im- 
pregnated with  watery  vapour,  which  in  this  gaseous  state 
accompanies  the  air  wherever  it  penetrates,  permeates  the 
soil,  pervades  the  leaves  and  pores  of  plants,  and  gains  ad" 
mission  to  the  lungs  and  general  vascular  system  of  animals^ 
We  cannot  appreciate  the  influence  which,  in  this  highly 
comminuted  form,  water  exercises  over  the  general  econo- 
my of  organic  nature. 

But  it  is  chiefly  when  it  assumes  the  form  of  rain  and 
dew,  and  ro'deacends  to  the  earth,  that  the  benefits  arising^ 
from  aprevious  conversion  of  the  water  into  vapour  become 
distinctly  appreciable.  The  quantity  of  vapour  which  the 
air  is  capable  of  holding  in  suspension  is  dependent  upoa 
its  temperature.  At  high  temperatures,  in  warm  climates, 
or  in  warm  weather,  it  can  sustain  more — at  low  tempera- 

*  Mr.  Howard  states  that  a  circular  patch  of  snow  5  inches  in  diameter 
lost  in  the  month  of  January  150  grains  of  vapour  between  sunset  and  aun« 
risoi  and  56  grains  more  before  the  close  of  the  day,  when  exposed  to  a  smart 
breeze  on  a  house-top.  From  an  acre  of  snow  this  would  be  1000  galloos  of 
water  during  the  night  only. — Prout*$  Bridgetcaier  TreaHte,p,  ^;  En- 
eyclopted.  Metropol,  Art,  Meteorology. 

In  Von  Wrangeirs  account  of  his  visit  to  Siberia  and  the  polar  sea,  trans- 
lated by  Major  Sabine  (p.  390),  it  is  stated  that,  in  the  intense  cok!, 
not  only  living  bodies— but  the  very  sn^id — smokes  and  fills  the  air  with 
pour. 
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tttres  less.  Hence  when  a  carrent  of  comparatively  waroi 
air  loaded  with  moisture  ascends  to  or  comes  in  contact 
with  a  cold  mountain  top,  it  is  cooled  down,  is  rendered  in- 
capable of  holding  the  whole  of  the  vapour  in  saspensiop* 
and  therefore  leaves  behind  in  the  form  of  a  mist  or  cloo^t 
a  portion  of  its  watery  burden.  In  rills  subsequently,  or 
springs,  the  aqueous  particles  which  float  in  the  mid^ty  re- 
appear on  the  plains  beneath,  bringing  nourishment^  at 
once,  and  a  grateful  relief  to  the  thirsty  soLL 

So  when  two  currents  of  air  charged  with  moisture*  but 
of  uneaual  temperature,  meet  in  the  atmosphere,  they 
mix,  and  the  mixture  had  the  mean  temperature  of  the  two 
currents.  But  air  of  this  mean  temperature  is  incapable  of 
holding  in  suspension  the  mean  quantity  of  watery  vapour ; 
hence,  as  before,  a  cloud  ia  formed,  and  the  excess  of  mois- 
ture falls  to  the  earth  in  the  form  of  rain.  In  descending 
to  refresh  the  earth,  this  rain  discharges  in  its  progress 
another  office.  It  washes  the  air  as  it  passes  through  it, 
dissolving  and  carrying  those  accidental  vapoury  wnich, 
though  unwholesome  to  man,  are  yet  fitted  to  minister  to 
the  growth  of  plants. 

The  dew,  celebrated  through  all  times  and  in  every 
tongue  for  its  sweet  influence,  presents  the  most  beautiful 
and  striking  illustration  of  the  agency  of  water  in  the  eco- 
nomy of  nature,  and  exhibits  one  of  those  wise  and  bounti- 
ful adaptations,  by  which  the  whole  system  of  things,  ani- 
mate and  inanimate,  is  fitted  and  bound  together. 

All  bodies  on  the  surface  of  the  earth  radiate,  or  throw 
out  rays  of  heat,  in  strait  lines — every  warmer  body  to 
every  colder ;  and  the  entire  surface  is  itself  continually 
sending  rays  upwards  through  the  clear  air  into  free  space. 
Thus  on  the  earth's  surface  all  bodies  strive,  as  it  were, 
after  an  equal  temperature  (an  equilibrium  of  heat),  while 
the  surface  as  a  whole  tends  gradually  towards  a  cooler 
state.  But  while  the  sun  shines  this  cooling  will  not  take 
place,  for  the  earth  then  receives  in  general  more  heat  than 
It  gives  off,  and  if  the  clear  sky  be  shut  out  bv  a  canopy  of 
clouds,  these  will  arrest  and  again  throw  back  a  portion  of 

*  For  tbe  nature  of  this  lumruhmefU  tee  the  subsequent  Lectures,  ''  Gbi 
tike  inorganic  conUUuenU  of  planU" 
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the  heat  and  prevent  it  from  being  so  sneedilj  dissipated. 
At  night,  then,  when  the  sun  is  absent,  the  earth  will  cool 
the  most ;  on  clear  nights  also  more  than  when  it  is  cloudy, 
and  when  clouds  only  partially  obscure  the  sky,  those  parts 
will  become  coolest  which  look  towards  the  clearest  portions 
df  the  heavens. 

Now  when  the  surface  cools,  the  air  in  contact  with  it 
must  cool  also ;  and  like  the  warm  currents  on  the  moun- 
tain side,  must  forsake  a  portion  of  the  watery  vapour  it  has 
hitherto  retained.  This  water,  like  the  floating  mist  on  the 
hills,  descends  in  particles  almost  infinitely  minute.  These 
particles  collect  on  every  leaflet,  and  suspend  themselves 
from  every  blade  of  grass,  in  drops  of  *'  pearly  dew.'* 

And  mark  here  a  beautiful  adaptation.  Different  substan- 
ces are  endowed  with  the  property  of  radiating  their  heat, 
and  of  thus  becoming  cool  with  different  degrees  of  rapidity, 
and  those  substances  which  in  the  air  become  cool  first,  also 
attract  first  and  most  abundantly  the  particles  of  falling 
dew.  Thus  in  the  cool  of  a  summer's  evening  the  grass 
plot  is  wet,  while  the  gravel  walk  is  dry ;  and  the  thirsty 
pasture  and  every  green  leaf  are  drinking  in  the  descending^ 
moisture,  while  tne  naked  land  and  the  barren  highway  are 
still  unconscious  of  its  fall. 

How  beautiful  is  the  contrivance  by  which  water  is  thus 
evaporated  or  distilled  as  it  were  into  the  atmosphere — large- 
ly perhaps  from  some  particular  spots, — then  diflused  equa- 
bly through  the  wide  and  restless  air,— and  afterwards  pre- 
cipitated again  in  refreshing  showers  or  in  long-mysterious 
dews  !*  But  how  much  more  beautiful  the  contrivance,  I 
might  almost  say  the  instinctive  tendency,  by  which  the 

*  The  beauty  of  thia  arrangement  appears  more  •trikin;  when  we  con- 
aider  that  the  whole  of  the  watery  vapour  in  the  air,  if  it  fell  at  onoe  in  the 
ibrm  of  rain,  would  not  amount  to  more  than  5  inches  in  depth  on  the  whole 
surface  of  the  globe.  In  England  the  fall  uf  rain  varies  from  22  inches 
(London,  York,  and  Edinburgh)  to  68  (Keswick),  while  in  some  few  parts 
of  the  world  (St.  Domingo^  it  amounts  to  as  much  as  150  inches.  Th» 
mean  fall  of  rain  over  the  whole  earth  is  estimated  at  32  or  33  inches;  but 
if  we  suppose  it  to  be  only  10  or  15  inches,  the  water  which  thus  falls  will 
require  to  be  two  or  three  times  re-distilled  in  the  course  of  every  year. 
This  is  OKclusive  of  dew,  which  ia  many  countries  amounts  to  a  veiy  large 
quantity— See  Front's  Bridgewater  7Vealwe,p.  309. 
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dew  selects  the  objects  on  which  it  delights  to  fall;  de- 
scending first  on  every  living  plant,  copiously  ministering 
to  the  wants  of  each,  and  es^pending  its  superfluity  only  on 
the  unproductive  waste. 

And  equally  kind  and  bouniifulf  yet  provident,  is  nature 
in  all  her  operations,  and  through  all  her  works.  Neither 
skill  nor  materials  are  ever  wasted  ;  and  yet  she  ungrudg- 
ingly dispenses  her  favours,  apparently  without  measure, 
— and  has  subjected  dead  matter  to  laws  which  compel  it 
to  minister,  and  yet  with  a  most  ready  willingness,  to  the 
wants  and  comforts  of  every  living  thing. 

And  how  unceasingly  does  she  press  this  her  example 
not  only  of  unbounded  goodness,  but  of  universal  charity — 
above  idl  other  men — on  the  attention  of  the  tiller  of  the 
soil.  Does  the  corn  spring  more  freshly  when  scattered  by 
a  Protestant  hand — are  the  harvests  more  abundant  on  a 
Catholic  soil, — and  does  not  the  sun  shine  alike,  and  the 
dew  descend,  on  the  domains  of  each  political  party  % 

So  science,  from  her  daily  converse  with  nature,  fiub 
not  sooner  or  later  to  take  her  hue  and  colour  from  the 
perception  of  this  universal  love  and  bounty.  Party  and 
sectarian  differences  dwindle  away  and  disappear  from  the 
eyes  of  him  who  is  daily  occupied  in  the  contemplation  of 
the  boundless  munificence  of  the  great  Impartial ;  he  sees 
himself  standing  in  one  common  relation  to  all  his  fellow- 
inen,  and  feels  himself  to  be  most  completely  performing 
his  part  in  life,  when  he  is  able  in  any  way  or  in  any 
measure  to  contribute  to  the  general  welfare  of  all. 

It  is  in  this  sense  too  that  science,  humbly  tracing  the 
footsteps  of  the  Deity  in  all  his  works,  and  from  them  de- 
ducing his  intelligence  and  his  universal  goodness — it  is  in 
this  sense,  that  science  is  of  no  sect,  and  of  no  party,  but 
is  equally  the  province,  and  the  property,  and  the  friend  of 
all. 

%1.  Of  the  cold  produced  by  the  evaporcttUm  of  tgaUTy  amd 

its  tn/lu€7ice  on  vegetation. 

Beautiful,  however,  and  beneficent  as  sjre  the  provisionB 
by  which,  in  nature,  watery  vapour  is  made  to  serve  so 

5» 
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'many  useful  purposes,  there  are  circutnfitances  in  which, 
and  often  through  the  neglect  of  man,  the  presence  of 
water  becomes  injurious  to  vegetation. 

The  ascent  of  water,  in  the  form  of  vapour,  permits  the 
soil  to  dry,  and  fits  it  for  the  labors  of  the  husbandman  ; 
while  its  descent  in  dew  refreshes  the  plant,  exhausted  by 
ibe  heat  and  excitement  of  a  long  summer's  day.  But 
the  same  tendency  to  ascend  in  vapour,  gives  rise  to  the 
cold  unproductive  character  of  lands  in  which  water  is  pre- 
sent in  great  excess.  This  character  you  are  familiar  with 
in  what  are  called  cold  day  soils. 

The  epithet  cold,  applied  to  such  soils,  though  derived 
probably  from  no  theoretical  views,  yet  expresses  very  truly 
their  actual  condition.  The  surface  of  the  fields  in  locali- 
ties where  such  lands  exist,  is  in  reality  less  warm, 
throughout  the  year,  than  th^t  of  fields  of  a  different  quali- 
ty, even  in  their  immediate  neighborhood.  This  is  readily 
proved,  by  placing  the  bulb  of  a  thermometer  immediately 
beneath  the  soil  in  two  such  fields,  when  iq  the  hottest  day 
a  marked  difference  of  temperature  will,  in  general,  be 
perceptible.  The  difference  is  dependant  upon  the  follovnng 
principle : — 

When  an  open  pan  of  water  is  placed  upon  the  fire,  it 
continues  to  acquire  heat  till  it  reaches  the  temperature  of 
2120  F.  It  then  begins  to  boil,  but  ceases  to  became  hotter. 
Steam,  however,  passes  off,  and  the  water  diminishes  in 
quantity.  But  while  the  vessel  remains  upon  the  fire  the 
water  continues  to  receive  heat  from  the  burning  fuel  as  it 
did  before  it  began  to  boil.  But  since,  as  already  stated* 
it  becomes  no  hotter,  the  heat  received  frora  the  fire  mu9t 
be  carried  off  by  the  steam. 

Now  this  is  universally  true.  Whenever  footer  is  caur 
verted  into  steam,  the  ascending  vapour  carries  of  much  heat 
along  with  it. 

This  heat  is  not  missed,  or  its  loss  perceived,  when  the 
vapour  or  steam  is  formed  over  a  fire ;  but  let  water  evapo- 
rate in  the  open  air  from  a  stone,  a  leaf,  or  a  field,  and  it 
must  take  heat  with  it  from  these  objects — and  the  surface 
of  the  stone,  the  leaf,  or  the  field,  must  become  colder. 
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That  stone  or  leaf  also  mast  become  coldest  from  which 
the  'largest  quantity  of  vapour  rises» 

Now,  let  two  adjoining  fields  be  wet  or  moist  in  different 
degrees,  that  which  is  wettest  will  almost  at  all  times  give 
off  the  largest  quantity  of  vapour,  and  will  therefore  be  the 
coldest.  Let  spring  arriye,  and  the  genial  sun  will  gently 
warm  the  earth  on  the  surface  of  the  one,  while  the  water 
in  the  other  will  swallow  up  the  heating  rays,  and  cause 
them  to  re-ascend  in  the  watery  vapour.  Let  summer 
come,  and  while  the  soil  of  the  one  field  rises  at  mid-day  to 
perhaps  lOO^^  F.  or  upwards,.that  of  the  other  may,  in  ordi- 
nary seasons,  rarely  reach  80<>  or  90^— 4n  wet  seasons  may 
not  even  attain  to  this  temperature,  and  only  in  long 
droughts  will  derive  the  full  benefit  of  the  solar  rays.  I 
shall  hereafter  more  particularly  advert  to  the  important  ini> 
fluence  which  a  high  temperature  in  the  soil  ezeroises  over 
the  growth  of  plants,  the  functions  of  their  several  parts, 
and  their  power  of  ripening  seeds — ^as  well  as  to  certain 
beautiful  adaptations  by  which. nature,  when  left  to  herself, 
is  continually  imparting  to  the  soil)  especially  in  northern 
latitudes,  those  qualities  which  fit  it  for  deriving  the  great- 
est possible  benefit  from  the  presence  of  the  sun's  rays.  In 
the  mean  time  you  are  willing  to  concede  that  warmth  in 
the  soil  is  favourable  to  the  success  of  your  agricultural 
pursuits.  What,  then,  is  the  cause  of  the  coldness  and 
poverty,  the  fickleness  and  uncertainty  of  produce  in  land 
of  the  kind  now  alluded  to  1  It  is  the  presence  of  too  much 
water.  What  is  the  remedy  ?:  A  removal  of  the  excess 
of  water.     And  how  1     By  effectual  drainage. 

There  are  other  benefils  to  the  land,  which  follow  from 
this  removal  of  the  excess  of  water  by  draining,  of  which  it 
would  here  be  out  of  place  to  treat ;  but  a  knowledge  of 
the  above  principle  shows  you  that  the  first  effect  upon  the 
soil  is  the  same  as  if  you  were  to  place  it  in  a  warmer 
climate,  and  under  a  milder  sky — ^where  it  could  bring  to 
maturity  other  fruits,  and  yield  more  certain  crops. 

The  application  of  this  merely  rudimentary  knowledge 
will  enable  you  to  remove  firom  many  improvable  spots  the 
stigma  of  heiug  poor  and  cold ;  an  appellation  hitherto  ap* 
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I>liad  to  theni»-«Hiot  beoauae  they  are  bj  nature  uwrodoo* 
tive,  but  because  igQoraiice»  or  iDdolence,  or  indiroreoce, 
kaa  bHlierto  prevented  their  natural  capabiliiies  firom  being 
either  appreciated  or  made  ayailable. 


i^oU.'^ln  reference  to  the  supposed  fertiliiiDg  effect  of  tnow,  adverted  to 
io  the  ahove  lecture,  I  may  mention  a  fact  observed  by  Heyer,  and  quoted 
by  Llebig  (p.  125),  that  willow  branches  immersed  in  snow  water  put  fordi 
roots  three  or  four  times  longer  than  when  put  into  pure  distilled  water,  aod 
that  the  latter  remained  clear  while  the  snow  water  beoame  ooloored.  This 
shows  that  snow  contains  something  not  present  in  distilled  water*  which  is 
capable  of  accelerating  the  growth  of  plants*  The  experiment  would  have 
been  more  instructive  in  regard  to  natural  operations,  had  the  eiTecf  of  the 
SBow  water  been  compared  with  that  of  an  equal  bulk  of  rain  water,  collect- 
ed voder  tinrilar  circuoMtanceti 


LECTURE    III. 

Carbonic  and  oxalic  acids,  tbeir  properties  and  relations  to  vegetable  life 
•—Carbonic  oxide  and  light  carburetted  hydrogen,  their  properties  and 
productions  in  nature— Ammoniai  its  propertieaandiaelationsto  vegetable 
life. 

§  1.  Cktrhanic  acid,  its  properties  and  reUuions  to  vegetable 

life. 

When  charcoal  is  burned  in  the  air  it  combines  slowly 
with  oxygen,  and  is  transformed  into  carbonic  acid  gas.. 
In  oxygen  gas  it  bums  more  rapidly  and  vividly^  produ^ 
cing  the  same  compound. 

This  gas  is  colourless,  like  oxygen,  hydrogen,  and  nitron 
gen,  but  is  readily  distingruished  from  all  these,  by  its  acid 
taste  and  smell,  by  its  solubility  in  water,  by  its  great  densi- 
ty, and  by  its  reddening  vegetable  blues.  Water  at  60  F. 
and  under  the  ordinary  pressure  of  the  atmosphere,  dis- 
solves rather  more  than  its  own  bulk  of  this  ^as  (100  dis-. 
solve  106),  and  however  the  pressure  may  be  increased,,  il 
stilVdissolves  the  same  bulk. 

All  gases  diminish  in  bulk  unifi>rmly  as  the  pressure  to 
which  they  are  subjected  is  increased.  Thus  under  a  pres-. 
sure  of  two  atmospheres  they  are  reduced  to  one-half  their 
bulk,  of  three  atmospheres  to  one-third,  and  so  on.  When 
water,  therefore,  is  saturated  with  carbonic  acid  under  great 

Sressure,  as  in  the  manufacture  of  soda  water,,  though  it  still 
issolves  only  its  own  bulk,  yet  it  retains  a  weight  of  the 
gas  which  is  proportioned  to  the  pressure  applied.  For  the 
same  reason  also,  when  the  pressure  is  removed,  as  in  draw- 
ing the  cork  from  a  bottle  of  water  so  impregnated,  the  gas 
expands  and  escapes,  causing  a  lively  effervescence,  and 
the  water  retains  only  its  own  bulk  at  the  existing  pressure. 
This  solution  in  water  has  a  slightly  sour  taste,  and  reddens 
Tegetable  blues.    These  properties  it  owes  to  the  presenpo- 


53  PROPBRTIEB   OF  CABBONIC  ACID. 

of  the  gas,  which  is  therefore  what  chemists  call  an  ticid^ 
body,  and  hence  its  name  of  carbonic  acid. 

This  gas  is  one-half  heavier  than  atmospheric  air,  its 
density  being  1.5i!4,  and  hence  it  may  be  poured  through 
the  air  from  one  vessel  to  another.  Hence  also,  when  it  is 
evolved  from  crevices  in  the  earth,  in  caves,  in  wells,  or  in 
the  soil,  this  gas  diffuses  itself  through  the  atmosphere  and 
ascends  into  the  air»  much  more  slowly  than  the  elementary 
gases  described  in  the  previous  lecture.  Where  it  issues 
from  the  earth  in  large  quantity,  as  in  many  volcanic  dis- 
tricts, it  flows  along  the  surface  like  water,  enters  into  and 
fills  up  cracks  and  hollows,  and  sometimes  reaches  to  a 
considerable  distance  from  its  source,  before  it  is  lost  among 
the  still  air. 

Burning  bodies  are  extinguished  in  carbonio  acid,  and 
living  beings,  plunged  into  it,  instantly  cease  to  breathe. 
Mixed  with  one-ninth  of  its  bulk  of  this  gas  the  atmospberic 
air  is  rendered  unfit  for  respiration.  It  is,  however,  the 
principal  food  of  plants,  being  absorbed  by  their  leaves  and 
roots  in  large  quantity.  Hence  the  presence  of  carbonic 
acid  in  the  atmosphere  is  necessary  to  the  growth  of  plants, 
and  they  have  been  observed  to  thrive  better  when  the 
quantity  of  this  g^s  in  the  air  is  considerably  augmented. 
Common  air,  as  has  been  already  stated,  does  not  contain 
more  on  an  average  than  ^^^^th  of  its  bulk  of  carbonic 
acid,  but  De  Saussure  found  that  plants  in  thetunaJiine 
grew  better  when  it  was  increased  to  -j^^th  of  the  bulk  of 
the  air,  but  beyond  this  quantity  they  were  injured  by  its 
presence,  even  when  exposed  to  the  sun.  When  the  car- 
bonic acid  amounted  to  one-half,  the  plants  died  in  seven 
days ;  when  it  reached  two-thirds  of  the  bulk  of  the  air,  they 
ceased  to  grow  altogether.  In  the  shade  any  increase  of 
carbonic  acid  beyond  that  which  naturally  exists  in  the  at- 
mosphere of  our  globe,  was  found  to  be  injurious. 

These  circumstances  it  is  of  importance  to  remember. 
Did  the  sun  always  skine  on  every  part  of  the  earth's  sur- 
face, the  quantity  of  carbonic  acid  in  the  atmosphere  might 

*  Acids  hare  generally  a  soar  tatte,  redJen  vegetable  b!iies,  or 
with  btueg  sach  a*  lime,  neda,  potoshi  Sto,,  to  form  MoUi, 
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probably  have  bden  increaaed  with  advantaga  to  Ye^etBtioo^ 
But  every  such  increase  would  have  rendered  the  air  less  fit 
for  the  respiration  of  existing  races  of  animals.  Thus  we 
see  that  not  only  the  nature  of  living  beings,  both  plants 
and  animals,  but  also  the  periodical  absence  of  the  sun's 
rays,  have  been  taken  into  account  in  the  present  arrange- 
ment of  things. 

In  perpetual  sunshine  plants  would  flourish  more  luxuri- 
antly in  air  containing  more  carbonic  acid,  but  they  would 
droop  and  die  in  the  shade.  This  is  one  of  those  proofs  of 
unity  of  design  which  occasionally  force  themselves  upon 
our  attention  in  every  department  of  nature,  and  compel  us 
to  recognise  the  regulatmg  superintendence  of  <me  mind. 
The  same  hand  which  mingled  the  ingredients  of  the  at- 
moephere,  also  set  the  sun  to  rule  the  day  on/y,— tempering 
the  amount  of  carbonic  acid  to  the  time  of  bis  periodical 
presence,  as  well  as  to  the  nature  of  animal  and  vegetable 
life. 

Carbonic  acid  consists  of  one  equivalent  of  carbon  and 
two  of  oxygen,  and  is  represented  by  CO*.'  It  unites  with 
bases  (potash,  soda,  lime,  &c.),  and  forms  compounds 
known  by  the  name  of  carbonates.  Thus  pearlaeh  is  an 
impure  carbonate  of  potash, — the  common  soda  of  the  shops^ 
carboneUeqf  «0i2a,-— and  limestone  or  chalk,  carbonate  ^ 
lime.  From  these  compounds  it  may  be  readily  disengaged 
bv  pouring  upon  them  diluted  muriatic  or  sulphuric  acids. 
From  limestone  it  is  also  readily  expelled  by  heat,  as  in  tho 
common  lime-kilns.  Durine  this  process  the  limestone 
loses  nearly  44  per  cent.*  of  its  weight,  a  loss  which  repre* 
sents  the  quantity  of  carbonic  acid  driven  off-t 

Common  carlionate  of  lime,  in  its  various  forms  of  cbalk* 
hard  limestone,  or  marble,  is  nearly  insoluble  in  water,  but 
it  dissolves  readily  in  water  containing  carbonic  acid.  Thus^ 
if  a  current  of  this  gas  be  passed  through  lime-water,  the 
liquid  speedily  becomes  milky  from  the  formation  and  pre- 
cipitation of  carbonate  of  lime,  but  after  a  short  time  the 

*  437  when  pure  aod  dry. 

\  Hence  by  burning  limestone  on  the  spot  where  it  is  quarried,  nearly  one* 
half  of  the  cost  of  transport  is  saved. 
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cloudiness  disappears,  and  the  whole  of  the  lime  is  re-dis- 
solved. The  application  of  heat  to  this  clear  solution  ex- 
pels the  excess  of  caH>onic  acid,  and  causes  the  carbonate 
t>f  lime  again  to  fall. 

By  exposure  to  the  air,  we  have  already  seen  that  water 
always  absorbs  a  quantity  of  carbonic  acid  from  the  atmos- 
phere. As  it  afterwards  ttickles  through  the  rocks  or 
through  soil  containing  lime,  it  gradually  dissolves  a  por- 
tion of  this  earth,  equivalent  to  the  quantity  of  gaa  it  holds 
in  solution,  and  thus  reaches  the  surface  impregnated  with 
calcareous  matter.  Or  it  carries  it  in  its  proffress  below 
the  surface  to  the  roots  of  plants,  where  its  earthy  contents 
are  made  available,  either  directly  or  indirectly,  to  the  pro- 
motion of  vegetable  growth.  To  the  lime  thus  held  in  so- 
lution, spring  and  other  waters  generally  owe  their  kard- 
TtesSf  and  it  is  the  expulsion  of  the  carbonic  acid,  by  heat, 
that  causes  the  deposition  of  the  sediment  so  often  obserred 
when  such  waters  are  boiled. 

I  propose  hereafter  to  devote  an  entire  lecture  to  the  con- 
sideration of  the  action  of  lime  upon  land,  as  it  is  employed 
for  agricultural  purposes,  but  I  may  here  remark,  that  this 
solvent  action  ot  the  carbonic  acid  in  rain  water  is  one  of 
the  principal  agents  in  removing  the  lime  from  your  soils, 
and  in  rendering  a  fresh  application  necessary  after  a  cer- 
tain lapse  of  time.  It  is  the  cause  also  of  that  deposit  of 
calcareous  matter  at  the  mouths  of  drains,  which  you  not 
unfrequently  see  in  localities  where  lime  is  laid  abundantly 
upon  the  land.  The  greater  the  quantity  of  rain,  therefore, 
which  falls  in  a  district,  the  less  permanent  will  be  the  ef- 
fects of  liming  the  land— the  sooner  will  it  be  robbed  of  this 
important  element  of  a  fertile  soil.  Still  carbonic  acid  is 
only  one  of  several  agents  which  act  almost  unceasingly  in 
thus  removing  the  lime  from  the  land,  a  fact  I  shall  nere- 
after  have  occasion  more  fully  to  explain. 

In  nature,  carbonic  acid  is  produced  under  a  great  variety 
of  circumstances.  It  is  given  off  from  the  lungs  of  all  ani- 
mals during  respiration.  It  is  formed  during  the  progress 
of  fermentation.  Fermented  liquors  owe  their  sparkling 
qualities  to  the  presence  of  this  gas.  During  the  decay  of 
fuiimal  and  vegetable  substances  in  the  air,  in  compost 
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heaps,  or  in  the  soil,  it  is  eyolved  in  great  abundance.  In 
certain  yplcanic  countries  it  issues  in  large  quantity  from 
springs  and  from  cracks  and  fissures  in  the  surface  of  the 
earth ;  while  the  vast  amount  of  carbon  contained  in  the 
wood  and  coal  daily  consumed  by  burning,  .is  carried  up 

I  into  the  atmosphere,  chiefly  in  the  form  of  carbonic  acid. 

We  shall  hereafler  consider  the  relation  which  exists  be- 

I  tween  these  several  sources  of  supply  and  the  proportion 

t  of  carbonic  acid  permanently  present  in  the  air  and  so  ne- 

'  cessary  to  the  support  of  vegetable  life. 

I  §  2.  Oxalic  add,  its  properties  and  relations  to  vegetable  life, 

I  Oxalic  acid  is  another  compound  of  carbon  and  oxygen, 

i  which,  though  not  known  to  minister  either  to  their  crrowth 

I  or  nourishment,  is  yet  found  largely  in  the  interior  of  many 

r  varieties  of  plants.    In  an  uucombined  state  it  exists  in  the 
hairs  of  the  chick  pea.    In  combination  with  potash  it  is 

I  found  in  the  wood  sorrel  (oxalis  acetosella),  in  the  common 

f  sorrel,  and  other  varieties  of  rumex^ — in  which  it  is  the 
cause  of  the  acidity  of  the  leaves  and  stems,— in  the  roots 

I  of  these  plants  also,  in  the  leaves  and  roots  of  rhubarb, 

I  and  in  the  roots  of  tormentilla,  bistort,  gentian,  saponaria, 

(  and  many  others.    It  is  this  combination  with  potash,  form- 

i  erly  extracted  from  wood  sorrel,  which  is  known  in  com- 
merce by  the  name  of  salt  of  sorrel.    In  combination  with 

\  lime  it  forms   the  principal  solid  parts  of  many  lichens, 

\  especially  of  the  parmdia  and  variolaria,*  some  of  which 

|,  contain  as  much  oxalate  of  lime  as  is  equivalent  to  15  or  20 

^  parts  of  pure  acid  in  100  of  the  dried  plant, 

j  The  crystallized  oxalic  acid  of  the  shops  forms  transpa- 

f  rent  colourless  crystals,  of  an  intensely  sour  taste.     These 

\  crystals  dissolve  readily  in  twice  their  weight  of  cold  water, 

*  Theparmelia  erueiaia  and  variolaria  communis  are  mentioned  as  pe- 
culiarly rich  in  this  acid,  which  used  to  be  extracted  from  them  for  sale.    A 
^  apecies  of  parroelia,  collected  after  the  droughts  on  the  sands  of  Persia  aod 

Georgia,  contains  66  percent,  of  oxalate  of  lime,  with  about  23  percent,  of 
a  gelatinous  substance  similar  to  that  obtained  from  Iceland  moss.  Thii 
lichen  is  used  for  food  by  tlie  Kirghuis.  A  similar  lichen  it  colkcted  aboQt 
Bagdad  for  a  similar  porpose* 
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and  the  solution,  yrhen  sufficiently  dilute,  is  agreeably  add 
to  the  taste.  This  acid  is  exceedingly  poisonous.  Half  an 
'iEmnce  of  the  crystals  is  sufficient  to  destroy  life  in  a  very 
short  time,  and  a  quarter  of  an  ounce  after  the  lapse  of  a 
'few  days.  It  consists  solely  of  carbon  and  oxygen  in  the 
proportion  of  two  equivalents  of  the  former  to  three  of  the 
latter.  Its  symbol  is  CO".  It  combines  with  bases,  and 
forms  salts  which  are  known  by  the  name  of  oxalateg^  and 
it  is  characterized  by  the  readiness  with  which  it  combines 
with  lime  to  fiorm  oxalate  of  Hme,  If  a  solution  of  the  add 
be  poured  into  lime  water,  the  mixture  immediately  be- 
comes milky  from  the  formation  of  this  compound,  which 
IB  insoluble  in  water.*  It  is  this  oxalate  of  lime  which 
iLists  in  the  lichens,  while  oxalate  of  potaih  exists  in  the 
orrels. 

Oxalic  acid  is  one  of  those  compounds  of  organic  origin 
which  we  cannot  form,  as  we  can  form  carbonic  acid  by 
the  direct  union  of  its  elements.  In  all  our  processes  for 
proparing  it  artificially,  we  are  obliged  to  have  recourse  to 
a  substance  previously  organized  in  the  living  plant.  It 
na^  be  prepared  from  sugar,  starch,  or  even  from  wood,  by 
Tanous  chemical  processes.  The  usual  method  is  to  digest 
'potato  starch  with  five  times  its  weight  of  strong  nitric 
acid  (aquafortis),  diluted  with  ten  of  water,  till  red  fumes 
cease  to  be  given  ofi*,  and  then  to  evaporate  the  solution. 
'The  oxalic  acid  separates  in  crystals,  or,  as  it  is  usually  ex- 
pressed, crystallizes  in  the  solution  thus  concentrated  by 
evaporation. 

ll  is  not  known  to  exist  in  the  soil  or  in  the  waters  which 

*  Sabstancet  tbst  are  intoluble  are  generally  withoot  acfioii  on  tb«  aiiinial 
tMonoany,  aod  may  be  introduced  into  the  stomach  without  productog  any  m- 
juriou*  efiect.  Uence  this  oxalate  of  lime,  ihough  it  contains  omHc  acid,  is 
not  poisonous.  Henco  also,  if  oxalic  acid  be  present  in  the  stomsch,  ita 
poisonous  action  may  be  taken  away  by  causing  lime  water  or  milk  of  Khm 
to  be  swallowed  in  sufficient  quantity.  The  acid  combines  with  the  lime,  mm 
in  the  experiment  described  in  the  text,  and  forms  insoluble  oxalate  of  liaie. 
The  common  magnesia  of  the  shops  will  serve  the  same  purpose,  forming  an 
insoluble  oxalate  of  magnetia.  It  is  by  performing  experiments  under  e»r* 
cumstances  where  the  results  are  visible— as  in  glass  vessels— that  we  are  etn 
mbled  to  predict  the  results  in  circumstances  where  the  phenomena  are  not 
vitible,  and  to  act  with  as  much  confideace  as  if  we  could  really^  see  tfaeaa. 
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reach  the  roots  of  plants.  Where  it  is  found  io  living  vegsh 
tables,  therefore,  it  must,  like  the  other  substances  they 
contain,  have  been  formed  or  elaborated  in  the  interior  dT 
the  plant  itself.  By  what  very  simple  changes  the  prodao» 
tion  of  this  acid  is  or  may  be  effected,  we  shall  see  in  a 
subsequent  lecture. 

§  3.  Carhomie  oxide^  lis  conMlituti4m  and  prt^periies. 

When  carbonic  acid  (CO^)  is  made  to  pass  through  a 
tube  containing  red-hot  charcoal,  it  undergoes  a  remarkabla 
change.  Its  gaseous  form  remains  unaltered,  but  it  comi* 
bines  with  a  second  equivalent  of  caibon  (becoming  CK)^)^ 
which  it  carries  off  in  the  aeriform  state.  The  new  gas 
thus  produced  is  known  by  the  name  of  carbonic  oxide.  I| 
consists  of  one  equivalent  of  carbon  united  to  one  of  oxy« 
gen,  and  is  represented  by  C?  O*,  or  simply  C  O. 

This  gas  is  colourless^  without  taste  or  smell,  lighter  than 
common  air,  nearly  insoluble  in  water,  extinguishes  flamei 
does  not  support  life ;  burns  in  the  air  or  in  oxygen  gas 
with  a  blue  name,  and  during  this  combustion  is  converted 
into  carbonic  acid.  It  is  produced  along  with  carbonic  acid 
during  the  imperfect  combustion  of  coals  in  our  fires  and 
furnaces^  but  is  not  known  to  occur  in  nature,  or  to  minis- 
ter directly  to  the  growth  of  plants. 


There  exists  a  general  relation  among  the  three  com- 
pounds of  carbon  and  oxygen  above  described,  to  which  i( 
may  be  interesting  to  advert,  in  connection  with  the  subject 
of  vegetable  physiology.  This  relation  appears  when  we 
compared  together  their  chemical  constitution,  as  represent- 
ed by  their  chemical  formulae  :— 

Carhomie  acid  consists  of  one  of  carbon  and  two  of  oxy- 
gen, or  CO" ; 

Carhomie  oxide^  of  one  of  carbon  mid  one  of  oxygen^ 
or  CO; 

So  that  if  carbonic  acid  be  present  in  a  plant,  and  be 
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tbere  deprived  of  one  equiTaleiit  of  its  oxygen,  by  any  vital 
action,  It  will  be  converted  into  carbonic  oxide. 

Oxalic  add  consists  of  two  of  carbon  and  three  of  oxy- 
gen, or  CO*. 

If  we  add  together  the  formulse  for 

Carbonic  acid  «  CO*  and 
Carbonic  oxide  ^  CO,  we  have 

Oxalic  acid      =  C*  O'. 

Hence  this  acid  may  be  formed  in  the  interior  of  plants, 
either  by  the  direct  union  of  carbonic  oxide  and  carbonic 
acid,  or  by  depriving  two  of  carbonic  acid  (2  CO*  or 
C*0^)  of  one  equivalent  of  oxygen. 

When  in  a  subsequent  lecture  we  have  studied  the  struc* 
tare  and  functions  of  the  leaves  of  plants,  we  shall  see  how  ' 

yery  easy  it  is  to  understand  the  process  by  which  oxalic 
acid  is  formed  and  deposited  in  the  interior  of  plants,  and 
by  which  carbonic  oxide  also  may  be,  and  probably  is, 
produced. 

§  4.  Lighi  earhur^ted  hydrogtn — the  gasqfmarthiM  and 

of  coal  mines^ 

During  the  decay  of  vegetable  matter  in  moist  places,  or         i 
under  water,  a  light  inflammable  gas  is  not  unfrequently         j 

Siven  off,  which  differs  in  its  properties  from  any  of  those 
itherto  described.  In  summer  it  may  often  be  seen  rising 
up  in  bubbles  from  the  bottom  of  stagnant  pools  and  from 
marshyl  places,  and  may  readily  be  collected. 

This  gas  is  colourless,  without  taste  or  smell,  and  is  little 
more  than  half  the  weight  of  common  air.*  A  lighted  ta- 
per, plunged  into  it,  is  immediately  extinguished,  while  the 
gas  takes  fire  and  bums  with  a  pale  yellow  flame,  yielding* 
more  light,  however,  than  pure  hydrogen  gas,  which  it 
otherwise  resembles.  Animals  introduced  into  it  instantly 
cease  to  breathe. 

It  consists  of  one  equivalent  of  carbon  (C)  united  to  two 
of  hydrogen  (2  H  or  H*),  and  is    represented  by  CH*. 

*  lu  ipeciBo  gravity,  by  experiment,  if  0*S57S. 
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When  burned  in  the  air  or  in  oxygen  gas,  the  carbon  it  con^ 
tains  is  converted  into  carbonic  acid  (CO^),  and  the  hydro- 
gen into  water  (HO). 

Like  oxalic  acid  this  ^as  cannot,  by  any  known  process* 
be  produced  from  the  direct  union  of  the  carbon  and  by* 
drogen  of  which  it  consists.  It  is  readily  obtained,  how* 
ever,  by  beating  acetate*  of  potash  iu  a  retort,  with  an 
equivalent  proportion  of  caustic  baryta. 

In  nature  it  is  largely  evolved  in  coal  mines,  and  is  the 
principal  combustible  ingredient  in  those  explosive  atmos- 
pheres which  so  frequently  cause  djsestix>us  accidents  in 
our  mining  districts. 

This  gas  is  also  gi^an  off  along*  widi  carbonic  acid  during 
the  fermentation  of  eomposti  heaps,  or  of  other  large  col- 
lections of  vegetable  maiteiv  It  is  said  also  to  be  generally 
present  in  well  manured  soils,!  and  is  supposed  by  many  to 
contribute  in  such  cases  to  the  nourishment  of  plants.  It 
is,  however,  very  sparingly  soluble  in  water,  so  that  in 
a  state  of  solution,  it  cannot  enter  largely  into  the  pores  of 
the  roots,  even  tbeuffh  it  be  abundantly  present  in  the  soil* 
How  far  it  can  with  propriety  be  regarded  as  a  general 
source  of  food  ta  plants,  will  be  considered  in  the  following 
lecture. 

§5.  Ammanis^  fU,propertiu and rdaUmu,  to  vegetable  life. 

Ammonia  is  a  compound  of  hydrogen  and  nitrogen.  It 
is  possessed  of  many  interesting  properties,  and  is  supposed 
toperfbras^a  VMy  important  part  in  the  process  of  vegeta- 
tion. It  will  be  proper,  therefore,  to  illustrate  its  nature 
and  properties  with  consideraUe  attention. 

Ammonia^  like  the  nitrogen  and  hydrogen  of  which  it  is 
composed,  is  a  colourless  gas,  but,  unlike  its  elements,  is 
easily  distinguished  firona  all  other  gaseous  substances  by 
its  smelLaad  taste. 

It  possesses  a  powerful  penetraling  odour  (familiar  to 

*  Acetate  of  potash  m  prepared  by  pouring  vinegar  (acetic  acid)  on  comnMS 
peaflath  and  etaporating  uw  aolation. 
t  PsBios,  CUmie  MoUculaire,  p.  547. 

6? 
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'you  in  the  smell  of  hartsborn  and  of  common  smelling  salts), 
has  a  burning  acrid  alkaline*  taste,  extinguishes  a  lighted 
taper  as  hydrogen  and  nitrogen  do,  but  does  not  itself  take 
fire  like  the  former.  It  instantly  suffocates  animals,  kills 
living  vegetables,  and  gradually  destroys  the  texture  of 
their  parts. 

It  is  absorbed  in  large  quantities  by  porous  substances, 
such  as  charcoal — which  as  already  stated,  absorbs  95 
'times  its  own  bulk  of  ammoniacal  gas.  Porous  vegetable 
substances  in  a  decaying  state  likewise  absorb  it.  Porous 
soils  also,  burned  bricks,  burned  clay,  and  even  common 
clay  and  iron  ochre,  which  are  mixed  together  on  the  sur- 
face of  most  of  our  fertile  lands — all  these  are  capable  of 
absorbing  or  drinking  in,  and  retaining  within  their  pores, 
this  gaseous  substance,  when  it  happens  to  be  brought  ioto 
contact  with  them. 

But  the  quantity  absorbed  by  water  is  much  greater  and 
more  surpnsiog.  If  the  mouth  of  a  bottle  filled  with  this 
gas  be  immersed  in  water,  the  latter  will  rush  up  and  fill  the 
bottle  almost  instantaneously ;  and  if  a  sufficient  supply  of 
ammonia  be  present,  a  given  quantity  of  water  will  take 
up  as  much  as  670  times  its  bulk  of  the  gas. 

This  solution  of  ammonia  in  water  is  the  spirit  of  harts* 
horn  of  the  shops.  When  saluratedj  it  is  lighter|  than  pure 
-water,  has  the  pungent  penetrating  odour  of  the  gas,  and 
its  hot,  burning,  alkaline  taste — is  cspable  of  blistering  the 
skin,  and  decomposing  or  destroying  the  texture  of  aninnal 
and  vegetable  substances. 

You  will  remark  here  the  effect  which  combination  has 
in  investing  substances  with  new  characters.  The  two 
grases  hydrogen  and  nitrogen,  themselves  without  taste  or 
smell,  and  absorbed  by  water  in  minute  quantity  only,  form 
by  their  union  a  compound  body  remarkable  both  for  taste 
and  smell,  and  for  the  rapidity  with  which  water  absorbs  it. 

*  The  tMn  olhaHne,  at  applied  to  taste,  will  be  beit  nodentood  I7  da- 
geribing  it  aa  a  taite  nmilar  to  that  of  the  cofnmon  soda  and  peariath  of  dae 
ibopt. 

tThat  is,  when  gas  is  supplied  till  the  water  refiises  to  take  up   muj 


i  Its  sped&e  gravity  is  0'872»,  water  being  1. 
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Ammonia  posseflses  also  alkaline  properties,*  it  restores 
the  blue  colour  of  vegetable  substances  that  have  been  red- 
dened by  an  acid,  and  it  combines  with  acid  substances  to 
form  salts. 

Among  gaseous  substances,  therefore,  there  are  some 
which,  like  carbonic  acid,  have  a  sour  taste  and  redden  ve- 
getable blues;  others  which, like  ammonia,  have  an  alkaline 
taste  and  restore  the  blue  colour ;  and  a  third  class  which, 
like  oxygen,  hydrogen,  and  nitrogen,  are  destitute  of  taste 
and  do  not  affect  vegetable  colours.  These  last  are  called 
netUral  or  indifferent  substances. 

Ammonia,  as  above  stated,  combines  with  acids  and  forms 
salts,  which  at  the  ordinary  temperature  of  the  atmosphere 
are  all  solid  substances.  Hence  if  carbonic  acid  gas  be 
mixed  with  ammoniacal  gas,  a  white  cloud  is  formed  con- 
sisting of  minute  particles  of  solid  carbonate  of  amnumid-^ 
the  smelling  salts  of  the  shops.  Hence  also  a  feather 
dipped  into  vinegar  or  dilute  muriatic  acid  (spirit  of  salt), 
and  then  introduced  into  ammoniacal  gas,  forms  a  similar 
white  cloud,  and  becomes  covered  with  a  white  down  of 
solid  acetato  or  of  muriaU  of  ammonia  (sal  ammoniac). 
The  same  appearance  is  readily  seen  by  holding  the  feather 
to  the  mouth  of  a  bottle  containing  hartshorn  (liquid  am- 
monia), from  which  ammoniacal  gas  continually  escapes, 
and  by  its  lightness  rises  into  the  air,  and  thus  comes  in 
contact  with  the  acid  upon  the  feather. 

The  fact  of  the  production  of  a  solid  body  by  the  union 
of  two  gases  (ammonia  and  carbonic  or  muriatic  acid  gases) 
is  one  of  a  very  interesting  nature  to  the  young  chemist, 
and  presents  a  further  illustration  of  the  changes  resulting 
from  chemical  combination  as  explained  in  the  previous 
lecture. 

Ammonia  is  little  more  than  half  the  weight  of  common 

*  lo  the  previoQi  lecture,  the  term  acid  wat  explained  as  applying  to  aub- 
■tanoea  poMeased  of  a  tour  taaie,  and  capable  of  reddeniog  vegetable  bloea, 
or  corobiDing  with  bates  (potaiib,  foda,  inasnetia,  &c.)  to  form  $aiU  ;  oi- 
haUtt  are  luch  at  potteaa  an  alkaline  taste  (tee  previous  Note),  restore  the 
blue  colour  to  reddeoed  v^etable  substances,  or  combines  with  actda  lo 
form  Mito.  Of  salts,  nitrate  of  soda,  saltpetre  (nitrate  of  potash),  and  glau* 
bcr  nltt  (sulphate  of  soda),  are  ezamplea. 
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air,*  hence  when  liberated  on  the  earth's  sorfaGe  it  readily 
rises  into  and  mingles  with  the  atmosphere.  .  It  consists  of 
hydrogen  and  nitrogen  united  together  in  the  proportiun  of 
three  equivalents!  of  hydrogen  (3  Hor  H')  and  one  of  nitro- 
gen (N)»  and  hence  it  is  represented  by  the  symbol  (N  + 
3  H),  or  more  shortly  by  N  H'.  100  parts  by  weight  con- 
tain 82^  of  nitrogen  and  17}  of  hydrogen4 

In  nature,  ammonia  exists  in  considerable  quantity.  It 
is  widely,  almost  universally,  diffused,  but  is  not  known  to 
form  large  deposits  on  any  part  of  the  earth's  siuface,  or 
to  enter  as  a  constituent  into  any  of  the  great  mineral 
masses  of  which  the  crust  of  the  globe  is  composed*  It 
exists  most  abundantly  in  a  state  &f  oombimUian — ^in  the 
forms,  for  example,  of  muriate  (sal  ammoniac),  of  nitrate, 
and  of  carbonate  of  ammonia.  It  frequently  escapes  into 
the  atmosphere  in  an  uncombined  state,  especially  where 
animal  matters  are  undergoing  decay,  but  it  rarely  exists  in 
this  free  state  for  any  length  of  time.  It  speedily  unites 
with  the  carbonic  acid  of  the  air,  with  one  or  other  of  the 
numerous  acid  vapours  which  are  continually  rising  from 
the  earth,  or  with  the  nitric  acid  which  is  formed  at  the 
expense  of  the  nitrogen  and  oxygen  of  which  the  atmos- 
phere consists. 

The  influence  of  ammonia  on  vegetatioB.appear8-.to  be  of 
a  very  powerful  kiad.  It  seems  not  only  to  pvomote  the 
rapidity  and  luxuriance  of  vegetation,  but  to  exercise  a 
powerful  control  over  the  functions  of  vegetable  life.  In 
reference  to  the  nature  and  extent  of  this  action,  into  which 
we  shall  hereafter  havie  occasion  to.  inquire,  there  are 
several  special  properties  of  ammonia  which  it  will,  be  of 
importance  for  us  previously  to  understand. 

1°,  It  has  a  powerful,  affinity  §  for  acid  substaooee. 
Hence  the  readiness  wjth  whi<^.ituniteavnlifaacid  vapours 
when   it  rises  into  the  atmosphere.     Hence   also  wheni 


1 


*  Mora  DMriy  tbrae-fifths,  iu  tpeeifio  gmnty  beivs  0;59,  tM  of  air  hm^ 

See  teoood  L^tiii«. 
t  Correctly  82-545  aod  17*455^roepectivel]r. 
(.  By  itfimtj^  U  meant  th^  teodeoey  whicl^.bodiei  iyM«  u  uei^a  aad.  tes 


8PXCIAL  PR0PSETI88.  69 

formed  or  liberated  in  the  soil,  in  the  fold-yard,  in  the 
stable,  or  in  compost  heaps,  it  unites  with  such  acid  sub- 
stances as  may  be  present  m  the  soil,  &c.,  and  forms  saline 
compounds  or  salts.  All  these  salts  appear  to  be  more  or 
less  influential  in  the  processes  of  vegetable  life. 

2o,  Yet  this  affinity  is  much  less  strong  than  that  which 
is  exhibited  for  the  same  acids  by  potash,  soda,  lime,  or 
magnesia.  Hence  if  any  o£  these  substances  be  mixed  or 
brought  into  contact  with  a  salt  of  ammonia,  the  acid  of 
the  latter  is  taken  up  by  the  potash  or  lime,  while  the  am- 
monia is  separated  in  a  gaseous  state.  Thus  when  sal  am* 
moniac  in  powder  is  mixed  with  twice  its  weight  of  quick- 
lime, ammoniacai  gas  is  liberated  in  large  quantity.  This 
b  the  method  by  which  pure  ammonia  is  generally  pre- 
pared ;  and  one  of  the  mantf  functions  performed  by  lime 
when  employed  for  the  improYement  of  land,  especially  on 
soils  rich  in  animal  and  vegetable  matter,  is  that  of  decom- 
posing the  salts,  especially  the  organic  salts,  of  ammonia,—- 
as  will  be  more  fully  explained  when  we  come  to  treat  at 
length  of  this  important  part  of  agricultural  practice.* 

30.  The  salts  which  ammonia  forms  with  the  acids  are 
all,  like  ammonia  itself,  very  soluble  in  water*  Hence  two 
consequences  follow.  First,  that  which  rises  into  the  air  in 
die  form  of  gas,  and  there  combines  with  the  carbonic  or 
other  acids,  is  readily  dbsolved,  washed  out  and  brought  to 
the  earth  again  by  the  rains  and  dews ;  so  that  at  the  same 
time  the  air  is  purified  for  the  use  of  animals,  and  the  am- 
monia brought  down  for  the  use  of  plants.  And  ^  second, 
whatever  salts  of  ammonia  are  contained  in  the  soil,  being 
dissolved  by  the  rain,  are  in  a  condition  to  be  taken  up, 

imnain  anited  or  combined.  Thus  •mmooia  fomis  a  tolid  tubaUuioo  with 
the  yapour  of  vinegar  the  moment  the  two  tobfttaocet  come  into  contact ; 
they  have,  therefore,  a  stroog  teadeocy  to  unite,  or  an  ajfimiy  for  each 
«icher. 

*  See  Lecture  **  0»  the  use  ofHme.**  Owing  to  thie  property  the  action 
of  lioie  upon  compost  heap*  is  often  injurious,  by  causing  the  evolution  of 
the  ammonia  produoed  during  the  decomposition  of  the  animal  matters  they 
contain.  This  escape  of  ammonia,  even  when  imperceptible  by  the  sense  of 
•mell,  is  easily  dete<^ed  by  holding  over  the  heap  a  feather  dipped  in  vinegar 
or  in  spirit  of  salt  (muriatic  acid),  when  white  fumes  are  imrandiately  pcr- 
oeiwd  if  anunooia  be  present. 
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when  wholesome,  by  the  roota  of  plants  $  or  to  be  carried 
off  b J  the  drains  when  injurious  to  vegetation. 

40.  I  have  already  alluded  to  the  fact  that  this  gas  being 
absorbed  by  porous  substances,  and  to  its  presence,  in  con- 
sequence, in  porous  soils,  and  in  burned  bricks  and  clay. 
With  the  purer  kinds  of  unburned  clay,  however,  and  with 
the  oxide  of  iron  contained  in  red  (or  ferruginous)*  soils, 
ammonia  is  supposed  to  form  a  chemical  compound  of  a 
weak  nature,  in  consequence  of  its  affinity  or  feeble  ten- 
dency to  combine  with  these  substances,  they  attract  it 
from  the  air,  and  from  decaying  animal  or  vegetable  mat- 
ters, and  retain  it  more  strongly  than  many  porous  sub* 
stances  can, — yet  with  a  sufficiently  feeble  hold  to  yield  it 
up,  readily  as  is  supposed,  to  the  roots  of  plants,  when  their 
extremities  are  pushed  forth  in  search  of  food.  In  this  caso 
the  carbonic,  acetic  and  other  acids  given  off,  or  supposed 
to  be  given  off  by  the  roots,  exercise  an  influence  to  which 
more  particular  allusion  will  be  made  hereafter. 

6^»  In  the  state  of  carbonic  it  decomposes^  gypsam 
forming  carbonate  of  lime  (chalk)  and  sulpnate  of  ammo- 
nia.t  The  action  of  gypsum  on  grass  lands,  so  undoubted- 
ly beneficial  in  many  parts  of  the  world,  has  been  ascribed 
to  this  single  property ;  it  being  supposed  that  the  sulpliate 
of  ammonia  formed,  is  peculiarly  favourable  to  vegetation. 
This  question  will  come  properly  under  review  hereafter. 
I  may  here,  however,  remark  that  if  this  be  thesoU  namota 
ibr  the  efficiency  of  gypsum,  its  application  ought  to  be  be-> 
neficialon  ail  lands  not  already  abounding  either  in  gypeum 
or  in  sulphate  of  ammonia  |  But  if  the  results  of  experi* 
mental  mrming  in  this  country  are  to  be  trusted,  this  is  by 
no  meahs  the  case.  The  action  neither  of  this,  nor  proba- 
bly of  any  other  inorganic  substance  applied  to  the  soil,  is 

*  Soils  reddened  by  the  presence  of  oxide  of  iron. 

t  Gypsum  is  gtdpkaU  of  lime—consisting  of  sulphuric  acid  (oil  of  Htiiol) 
and  quicklime.    Carbonaie  of  ammonia  consists  of  carlionic  add  and  am- 


monia.    When  the  two  substances  act  upon  each  other  in  a  moist 

two  acids  change  places — the  sulphuric  acid  as  it  were  frtf erring  tho 

monta,  the  carbonic  acid  the  lime. 

X  Liebig    says-*-"  the   striking    fertility  of  a  meadow   on  which    gyp* 
•am  is  strewed  depends  o«/y  on  its  fixuig  in  the  soil  the  ammonia  of  tne 
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to  be  explained  by  a  reference  in  every  ease  to  one  and  tbe 
same  property  only. 

7<>.  The  presence  or  evolution  of  ammonia  in  a  soil  con- 
taining animal  and  vegetable  matter  in  a  decaying  statOi 
induces  or  disposes  this  matter  to  attract  oxygen  from  the 

•tmotphere,  which  would  otherwiM  be  ▼ohtUiMd  with  the  weter  which 
evaporatet."*— Orj-OMC  CkmnUirf  applied  to  AgriaUtmre,  p.  86. 

When  we  come  to  consider  the  luligect  of  nuioeral  aenarei  in  genenl, 
we  thai]  ftody  more  io  detail  the  ipecifie  action  of  gypeom  in  pfomotinf 
Tegetation— a  rery  dniple  calculation,  boweverf  wUl  ■enre  to  ihow  that  the 
above  theory  of  Liebi^  U  far  iroai  affording  a  latiafctflory  expbaatioa  c^  aU 
the  phenomena. 

Sepposing  the  gypsom  to  meet  with  a  taffictent  eopply  of  ammonia  in  the 
•oil,  and  that  it  exercises  iu  full  influence,  100  lbs.  of  common  wibum^d 
gypsom  will  fix  or  form  sulphate  with  nearly  20  lbs.  of  ammonia  contain- 
ing 164  lbs.  of  nitrogen.  One  hundred  weight,  therefore,  (112  lbs.)  wiQ 
form  as  much  sulphate  as  will  contain  22  i  lbs.  of  ammonia,  and  if  n^ 
trodoced  without  loss  into  the  interior  of  plants  will  furnish  them  with  18| 
lbs.  of  nitrogen. 

1**.  In  the  first  volume  of  British  Husbandry,  pp.  322, 323,  the  foUowing 
experiment  is  recorded : 

Mr.  Smith,  of  Toostalt  near  Sittingboome,  top-dressed  one  portion  of  a 
field  of  red  clover  with  powdered  gypsum  at  the  rate  of  five  buebels  (or  four 
hundred  weightt^  per  acre,  and  compared  the  produce  with  another  portioo 
of  the  same  fieUr  to  which  no  manure  had  been  applied.  The  first  crop 
was  cut  for  hay,  and  the  second  ripened  for  seed.  The  following  were  the 
comparative  results  per  acre : 

BAT  caop.       suD.  sraAW. 

ewt.  qr»,ibs*  cwLqrg.IbB, 

Oypsumed 60  3    21  22    3  12 

Unmanured 20  0    20  5    0    0 


Excess  of  produce     .40  3      1  17    3  12 

The  excess  of  produce  in  all  the  three  crops  upon  the  gypsumed  land 

is  very  large:    let  us  calculate  how   much  nitrogen  this  excess  would 

oontain.    In  a  previous  lecture  (II.  p.  33)  it  was  stated  as  the  result  of 

Boussingault's    analyses,  that  dry  dover^eed  contained  7   y€t  cent  ef 

[*  By Jixing  is  meant  the  forming  of  ndpkaU  with  the  ammonia.  Raia 
water  is  supposed  to  bring  down  with  it  etnrbonmU  ef  ammonia  (comroeM 
smelling  salts),  which  acts  upon  the  tulpkaie  o/Ume  (gypsum)  in  such  a  way 
that  sulphate  of  ammonia  and  carbonate  of  lime  are  produced.  The  car- 
bonate of  ammonia  readily  volatiliaee  or  rises  again  into  the  air,  the  sulphate 
does  not— hence  the  use  of  the  word^.) 

Lt  A  ton  of  pore  gypsum,  when  crushed,  will  yield  25  bushela.  It  should, 
however,  always  be  applied  by  weigki,'} 
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air  more  rapidly  and  abondaotlT.    The  result  of  this  is,  that 
organic  acid  compounds  are  lormed,  which  combine  with 

nitrocen,  ami  tbe  wnie  experimenter  Ibond  in  the  bay  of  red  clover  1|  per 
cent,    (or  70  and  15  lbs.  respectively  in  1000.) 

Tbe  seed  as  it  was  weigbed  by  Mr.  Smitb  would  still  contain  one-ninth  of 
its  weight  of  water,t  and,  consequently,  only  6  I-3rd  per  cent,  of  nitrogeo. 
Let  it  be  taken  at  6  per  cent,  and  let  the  gtraw  be  supposed  to  contain  only 
1  per  cent,  of  nitrogen,  the  quantity  of  this  element  being  found  to  dimioish 
in  the  grasses  after  tbe  seed  has  ripened,  and  averaging  i  per  cent,  in  the 
straw  of  wheat,  oats,  and  barley,  the  weight  of  nitrogen  reaped  in  the  whole 
crop  will  then  be  as  follows : 

1.  40  cwt.  of  bay  (4480  lbs.)  at  1|  per  cent,  of  nitrogen,  contain  67  lbs. 

2.  85  lbs.  of  seed  at  6  per  cent,  contain 5  lbs. 

3.  17  cwt.  3  qrs.  12  lbs.  or  2000  lbs.  of  straw  at  1  per  cent,  contain  20  ttw. 

Total  nitrogen  in  tbe  excess  of  crop,  93  Htm. 

But  as  above  shown,  tbe  five  bushels  or  four  cwt.  of  gypsum  could  fix  only 
90  lbs.  of  ammonia  containing  74  lbs.  of  nitrogen,  leavings  therefore,  18  ibe» 
cr  tme'Jiftk  part  of  the  eehole.  to  be  derived  from  eomeotker  eouree. 

Now  this  result  supposes  that  none  of  the  gypsum  or  sulphate  of  ammo' 
nia  was  carried  away  by  tbe  rains,  but  tlmt  the  whole  remained  in  tbe  soil, 
and  produced  its  greatest  possible  effect  on  the  clover— an^  all  in  erne 
eeaeon. 

But  tbe  effect  of  tbe  gypsum  does  not  disappear  with  tbe  crop  to  which  is 
is  actually  applied.  Its  beneficial  action  is  extended  to  the  succeeding  crop 
of  wheat,  and  on  grass  lands  tbe  amelioration  is  visible  for  a  succession  of 
years.  If,  then,  the  increased  produce  of  a  single  year  may  contain  more 
nitrogen  than  the  gypsum  can  be  supposed  to  yield,  this  substance  muat  ex- 
ercise some  otb^r  influence  over  wgetation  than  is  involved  in  its  suppoaed 
action  on  tbe  indefinitequantity  of  ammonia  in  tbe  atmosphere, 

2^.  Again,  Mr.  Barnard,  of  Little  Bordean,  Hants,  applied  2|  cwt.  per 
acre  on  two-year  old  sain-foin,  on  a  clayey  soil.  The  increased  produce  of 
tbe  first  cutting  was  a  ton  per  acre,  and  in  October  fully  a  ton,  tbe  undreued 
part  yielding  scarcely  any  hay  at  all,  while  the  dressed  part  gave  1  i  tons. 
The  second  year  no  gypsum  vias  applied,  and  the  diflference  is  said  to  have 
been  at  least  as  great. 

Supposing  the  increased  produce  in  all  to  have  been  4  tons  of  hay,  and 
the  nitrogen  it  contained  to  have  been  only  one  per  cent— tbe  4  tons  (89^ 
Ibe,)  would  contain  about  00  lbs.  of  nitrogen.  But  2|  cwt.  would  6x  only 
46  lbs.  of  nitrogen  in  the  form  of  ammonia ;  and  therefore,  supposing  it  to 
have  produced  its  maximum  eflTect,  there  remain  44  Ibe.  or  nearlf  one  half 
of  the  lohole,  unaccounted  for  by  the  theory, 

I  would  not  be  understood  to  place  absolute  reliance  on  tbe  results  of 
the  above  experiments ;  but  the  way  In  which  such  results  may  be  easily 

[♦  Ann.  do  Chim.  et  de  Phys.  Ixiii.  p.  226.] 
[t  See  Lcaure  II.  p.  33.] 
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the  ammonia,  and  form  ammoniacal  salta.*  On  tbe  decom- 
position of  these  salts  by  lime  or  otherwise — the  organic 
acids  which  are  separated  from  them,  are  always  more  ad- 
vanced towards  that  state  in  which  they  again  become  fit 
to  act  as  food  for  plants. 

8^.  But  the  most  interesting,  and  perhaps  the  most  im- 
portant property  of  ammonia,  is  one  which  I  have  already 
had  occasion  to  bring  uoder  your  notice,  as  possessed  by 
water  also,  and  as  peculiarly  fitting  that  fluid  for  the  varied 
functions  it  performs  in  reference  to  vegetable  life.  This 
property  is  tbe  ease  with  which  it  undergoes  decomposition, 
either  in  the  air^  in  the  soil,  or  in  the  interior  of  plants. 

In  the  air  it  is  diffused  through,  and  intimately  mixed 
with,  a  large  excess  of  oxygen  gas.  In  the  soil,  especially 
near  the  surface,  it  is  also  continually  in  contact  with  oxy- 
gen. By  the  influence  of  electricity  in  the  air,  and  of  lime 
and  other  bases  in  the  soil,  it  undergoes  a  constant  though 
gradual  decomposition  (oxidation),  its  hydrogen  being  chief* 
]y  converted  into  water,  and  a  portion  of  its  nitrogen  into 
nitric  acid.t 

In  tbe  interior  of  plants  this  and  other  numerous  and 
varied  decompositions  in  all  probability  take  place. 

applied  for  the  panioM  of  testing  tbeoretical  viowt,  will,  I  hope,  convince 
the  intelligent  practicai  agricukurist  bow  important  it  i«,  that  the  resaltf  of 
tome  of  tbe  experinBenta  ho  is  every  yeor  making  should  be  accurately  deter- 
mined by  ioeigkt  and  meature.  By  this  means  data  would  gradually  be  ac- 
cnmnlated,  on  which  we  might  hope  to  found  more  unexceptionable  explaut* 
tions  of  the  phenomena  of  vegetation,  than  the  results  obtained  in  our  labora- 
tories have  hitherto  enabled  us  to  advance. 

In  a  subsequent  note  it  will  be  shown  that  the  mode  in  which  the  nitrates 
of  soda  and  potash  act — in  other  words,  the  tbeoiy  of  their  action  upon 
vegetation— may  be  tested  by  a  similar  simple  calculation,  and  the  iropoi^ 
tanoe  of  precise  experiments  made  on  the  form  will  then  still  further  ap* 
pear.  It  is  in  the  hope  of  inducing  some  of  my  readers  to  make  compara* 
tive  trials  and  publish  aceunUe  results,  that  I  ^ve  introduced  into  the  Ap> 
pendiz  (No.  I.)  an  outline  of  the  mode  in  which  such  experiments  may  most 
usefully  be  performed. 

*  Organic  acids  generally  contain  more  oxygen  in  proportion  to  their  carbon 
and  hydrogen,  than  those  which  are  alkalime  oriuuiraL 

fit  will  be  remembered  tbat  ammonia  is  represented  by  NH*,  water 
by  HO,  and  nitric  acid  by  N  0".  It  is  easy  to  see,  therefore,  how,  bv 
neant  of  oxygen,  ammonia  should  be  converted  into  water  and  nitric  add.  *< 
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The  important  influeDce  which  ammonia  appears  to  ex* 
ercise  over  the  growth  of  plants — the  evidence  for  which  I 
shall  presently  lay  before  you — is  only  to  be  explained  on 
the  supposition  that  numerous  transformations  of  organic 
substances  are  effected  in  the  interior  of  living  vegetables — 
which  transformations  all  imply  the  separation  from  each 
other,  or  the  r« -arrangement  of  the  elements  of  which  am- 
monia consists.  In  the  interior  of  the  plant  we  have  seen 
that  water,  ever  present  in  great  abundance,  is  also  ever 
ready  to  yield  its  hydrogen  or  its  oxygen  as  occasion  may 
require,  while  these  same  elements  are  never  unwilling  to 
unite  again  for  the  formation  of  water.  So  it  is,  to  a  cer- 
tain degree,  with  ammonia.  The  hydrogen  it  contains  in 
so  large  a  quantity  is  ready  to  separate  itself  from  the  ni- 
trogen in  the  interior  of  the  plant,  and,  in  concert  with  the 
other  organic  elements  introduced  by  the  roots  or  the  leaveSy 
to  aid  in  producing  the  different  solid  bodies  of  which  the 
several  parts  of  plants  are  made  up.  The  nitrogen  also 
becomes  fixed  in  the  coloured  petals  of  the  flowers,  in  the 
seeds,  and  in  other  parts,  of  which  it  appears  to  constitute  a 
necessary  ingredient — passes  off  in  the  form  of  new  com- 
pounds, in  the  insensible  perspiration  or  odoriferous  exhala- 
tions of  the  plant, — or  returning  with  the  downward  circa- 
latiooy  is  thrown  off  by  the  root  into  the  soil  from  which  it 
was  originally  derived.  Much  obscurity  still  rests  on  the 
actual  transformations  which  take  place  in  the  interior  of 
plants,  yet  we  shall  be  able  in  a  future  lecture,  I  hope,  to 
arrive  at  a  tolerably  clear  understanding  of  the  general  na- 
ture of  many  of  them. 

Such  are  the  more  important  of  those  properties  of  ams- 
roonia,  to  which  we  shall  hereafter  have  occasion  to  advert. 
The  sources,  remote  as  well  as  immediate,  from  which 
plants  derive  this,  and  the  other  compounds  we  have  de- 
scribed as  contributing  to  the  nourishment  and  growth  of 
plants,  will  be  detailed  in  a  subsequent  section. 

§  6.  NUrie  acid,  its  ctmstiiuium  and  properties. 

When  the  nitre  or  saltpetre  of  commerce  b  introduced 
into  a  retort,  covered  with  strong  sulphuric  acid  (oil  oF 
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vitriol*)  and  heated  OTer  a  lamp  or  a  charcoal  fire,  red  fumes 
are  given  oflT,  and  a  transparent,  often  brownish  or  reddish  It* 
quid,  distils  over,  which  may  be  collected  in  a  bottle  or  other 
receiver  of  glass.  This  liquid  is  exceedinsly  acid  and  cor* 
rosive.  In  small  quantity  it  stains  the  skin  and  imparts  a 
yellow  colour  to  animal  and  vegetable  substances.  In 
larger  quantity  it  corrodes  the  skin,  producing  a  painful 
sore,  rapidly  destroys  animal  and  vegetable  life,  and  speedi- 
ly decomposes  and  oxidizesf  all  organic  substances.  Being 
obtained  from  nitre,  this  liquid  is  called  nitric  acid.  It  con- 
sists of  nitrogen  combined  with  oxygen,  one  equivalent  of 
the  former  (N)  being  united  to  5  of  the  latter  (O^),  and  is 
represented  by  NO*. 

This  acid  contains  much  oxygen,  as  its  formula  indicates, 
and  its  action  on  nearly  all  organic  substances  depends  upon 
the  ease  with  which  it  is  decomposed,  and  may  be  made  to 
part  with  a  portion  of  this  oxygen. 

In  nature,  it  never  occurs  in  a  free  state ;  but  it  is  found 
in  many  intertropical  (hot)  countries  in  combination  with 
potash,  soda,  and  lime — in  the  state  of  nitrates.  It  is  an 
important  character  of  these  nitrates  that,  like  the  salts  of 
ammonia  they  are  all  very  soluble  in  water.  Those  of  so* 
da,  lime,  and  magnesia  attract  moisture  from  the  air,  and  in 
a  damp  atmosphere  gradually  assume  the  liquid  form. 

Saltpetre  is  a  compound  of  nitric  acid  with  potash  (ni* 
trate  of  potash).  It  is  met  with  in  the  surface  soil  of  many 
districts  in  Upper  India,  and  is  separated  by  washing  the 
soil  and  subsequently  evaporating  (or  boiling  down)  the 
clear  liquid  thus  obtained.  When  pure  it  does  not  become 
moist  on  exposure  to  the  air.  It  is  chiefly  used  in  the  manu- 
facture of  gunpowder,  but  has  also  been  recommended  and 

*  Sulpfaario  acid  is  a  compound  of  oxygen  and  ralpfawi  which  ia  prepar- 
ed hy  barning  aulpbur  with  certain  precautions  in  large  leaden  cbamben. 
It  b  also  obtained  directly  by  distilling  green  vitriol  (sulphate  of  iron) 
at  a  high  temperature  in  an  iron  stilt — hence  its  name  oU  of  vitriol. 
It  is  a  heavy,  oily,  acid,  and  remarkably  corrosive  liquid.  In  a  concen- 
trated state,  It  is  esoeediogly  destroctive  both  to  animal  and  to  yegetahle 
Ufa. 

t  When  a  substance  combines  with  oxygen,  either  in  consequence  of 
exposure  to  the  air  or  in  any  other  circumstances,  it  is  said  to  become 
ojkdixdd. 
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frequently  and  successfully  tried  by  the  practical  husband- 
man,  as  an  influential  agent  in  promoting  vegetation. 

In  combination  wilh  soda,  it  is  found  in  deposits  of  con- 
siderable thickness  in  the  district  of  Aricain  Northern  Peru, 
from  whence  it  is  imported  into  this  country,  chiefly  for  the 
manufacture  of  nitric  and  sulphuric  acids.  More  recently 
its  lower  price  has  caused  it  to  be  extensively  employed  ia 
husbandry,  especially  as  a  top-dressing  for  grass  lands. 
Like  the  acid  itself,  these  nitrates  of  potash  and  soda,  when 
present  in  large  quantities,  are  injurious  to  vegetation.  This 
IS  probably  one  cause  of  the  barrenness  of  the  district  of 
Arica  in  Peru,  and  of  other  c-ountries,  where  in  consequence 
of  the  little  rain  that  falls,  the  nitrous  incrustations  are  ac- 
cumlated  upon  the  soil.  In  small  quantity  they  appear  to 
exercise  an  important  and  salutary  influence  on  the  rapidity 
of  growth,  and  on  the  amount  of  produce  of  many  of  the 
cultivated  grasses.  This  salutary  influence  is  to  be  ascribed* 
either  in  whole  or  in  part,  to  the  constitution  and  nature  of 
the  nitric  acid,  which  these  salts  contain.  It  is  chiefly  with 
a  view  to  the  explanation  I  shall  hereafter  attempt  to  give 
of  the  nature  of  this  salutary  action,  that  I  have  thought  it 
necessary  here  to  make  you  acquainted  with  this  acid  com- 
pound of  nitrogen  and  oxygen,  in  connection  with  the  alka- 
line  compound  (ammonia)  of  the  same  gas  with  hydrogen. 

Having  thus  shortly  described  both  the  organic  elements 
themselves,  and  such  chemical  compounds  of  these  elements 
as  appear  to  be  most  concerned  in  promoting  the  growth,  of 
plants,  we  are  prepared  for  entering  upon  the  consideration 
of  several  very  important  questions.  These  questions  are — 

1<^.  From  what  source  do  plants  derive  the  organic  ele- 
ments of  which  they  are  composed  % 

2^.  In  what  form  do  plants  take  them  up — or  what  proof 
have  we  that  the  compounds  above  described,  really  enter 
into  plants  1 

3<^.  By  what  organs  is  the  food  introduced  into  the  circu- 
lation of  plants  ]  In  consequence  of  what  peculiar  structure 
of  these  several  parts  are  plants  enabled  to  take  up  the  com- 
pounds by  which  they  appear  to  be  fed ;  and  what  are  the 
functions  of  these  parts,  by  the  exercise  of  which  the  food  is 
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converted  and  appropriated  to  their  own  sustenance  and 
further  growth  t 

4^,  By  what  chemical  changes  is  the  food  assimilated 
by  plants,  that  is — after  being  introduced  into  the  circula- 
tion, through  what  series  of  chemical  changes  does  it  pass, 
before  it  is  converted  by  the  plant  into  portions  of  its  own 
substance  ? 

5<>.  By  what  natural  laws  or  adaptations  is  the  supply  of 
those  compounds,  which  are  the  food  of  plants,  kept  up  1 
Animals  are  supported  by  an  unfailing  succession  or  vege- 
table crops, — ^by  the  operation  of  what  invariable  laws  is 
food  continually  provided  for  plants  1 

These  questions  we  shall  consider  in  succession. 


LECTURE   IV. 

Source  of  the  organic  elements  of  plants — Source  of  the  cariion'^Form  in 
which  it  enters  into  the  ctrculRtion  of  plents-^Soarce  of  the  hydrogen  " 
Source  of  the  oxygei»--Source  of  the  nitnogeo — Form  in  which  mtragea  | 

enters  into  the  drcuWtioa  of  plimtt — Absorption  of  ammonia  and  nitric 
acid  by  plants.  i 


The  first  of  the  Beries  of  questions  stated  at  the  close  of 
the  preceding  lecture,  regards  the  source  from  which  plants 
derive  the  organic  elements  of  which  they  are  composed. 
They  are  supported,  it  is  ebvious,  at  the  conjoined  expense 
of  the  earth  and  the  air — ^how  much  do  they  owe  to  each, 
and  for  which  elements  are  they  chiefly  and  immediately 
indebted  to  the  soil,  and  fov  which  to  the  atmosphere  I  We 
must  first  consider  the  source  of  each  element  separately. 

§  1.  Source  qftheearhim  of  plants^ 

We  have  already  seen  reason  to  believe  that  carbon  is 
incapable  of  entering  directly^  in  its  solid  state,  into  the  eir* 
culation  of  plants.  It  is  generally  considered,  indeed,  that 
solid  substances  of  every  kind  are  unfit  fos  being  taken  up 
by  the  organs  of  plants,  and  that  only  such  as  are  in  the 
liquid  or  gaseous  state,  can  be  absorbed  by  the  nunute  ves- 
sels of  which  the  cellular  substances  of  the  roots  and  leaves 
of  plants  are  composed.  Carbon,  therefore,  must  enter 
either  in  the  gaseous  or  liq^uid  form,  but  from  what  90uroe 
must  it  be  derived  %  There  are  but  two  sources  from  which 
it  can  be  obtained,— -the  soil  in  which  the  plant  grows^<*?' 
and  the  air  by  which  its  stem  and  leaves  ave  surrounded. 

In  the  soil  much  vegetable  matter  is  <^en  present,  and 
the  farmer  adds  vegetable  manure  in  large  quantities  with 
the  view  of  providing  food  for  his  intended  crop.  Are  plants 
really  fed  oy  the  vegetable  matter  which  exists  in  the  soij 
or  by  the  vegetable  manure  that  is  added  to  it  t 
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This  question  has  an  important  practical  bearing.  Let 
us,  therefore,  submit  it  to  a  thorough  examination. 

lo.  We  know,  from  sacred  history,  what  reason  and  sci- 
ence concur  in  confirming,  that  there  was  a  time  when  no 
vegetable  matter  existed  in  the  soil  which  overspread  the 
earth's  surface.  The  first  plants  must  have  grown  without 
the  aid  of  either  animal  or  vegetable  matter -r-that  is,  they 
must  have  been  nourished  from  the  air. 

2^.  It  is  known  that  certain  marly  soils,  raised  from  a 
great  depth  beneath  the  surface,  and  containing  apparently 
no  vegetable  matter,  will  yet,  without  manure,  yield  luxu- 
riant crops.  The  carbon  in  such  cases  must  also  have  been 
derived  from  the  air. 

2°.  You  know  that  some  plants  ffrow  and  increase  in 
size  when  suspended  in  the  air,  and  without  being  in  contact 
with  the  soil. 

You  know,  also,  that  many  plants — bulbous  flowei  roots 
for  example — will  grow  and  flourish  in  pure  water  onlv, 

grovided  they  are  open  to  the  access  of  the  atmospheric  air. 
eeds  also  will  germinate,  and  when  daily  watered,  will 
rise  into  plants,  though  sown  in  substances  that  contain  no 
trace  of  vegetable  matter. 

Thqs  De  Saussure  found  that  two  beans,  when  caused  to 
vegetato  iA  the  open  air  on  pounded  flints,  doubled  the 
weieht  of  the  carbon  they  originally  contained. 

Under  similar  circumstances  fioussisgauU  found  the  seeds 
of  trefoil  increase  in  weight  2^  times,  and  wheat  gave  plants 
equal  ip  weight,  when  dry,  to  twice  that  of  the  original 
grains.*  The  source  of  the  carbon  in  all  these  cases  can- 
not be  doubted. 

4^.  When  lands  are  impoverished,  you  lay  them  down 
to  grass,  i^nd  the  longer  they  lie  undisturbed  the  richer  in 
vegetable  matter  does  the  soil  become.  When  broken  up, 
you  find  a  black  fertile  mould  where  little  trace  of  organic 
matter  had  previously  existed. 

The  same  observation  applies  to  lands  long  under  woodw 
The  vegetable  matter  increases,  the  soil  improves,  and  when,, 
cleared  and  ploughed  it  yields  abundant  crops  of  corn. 

*  Aao.  d»  Chilli,  et  de  Phyt,  IxtIi.  p.  V 
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Do  grasses  and  trees  derive  their  carbon  from  tfae  soil  t 
Then,  bow,  by  their  growth,  do  they  increase  the  quantity 
of  carbonaceous  matter  which  the  soil  contains  T  It  is  ob- 
vious that,  taken  as  a  whole,  they  must  draw  from  the  air 
not  only  as  much  as  is  contained  in  their  own  substance^ 
but  an  excess  also,  which  they  impart  to  the  soil. 

5^.  But  on  this  point  the  rapid  growth  of  peat  may  be 
considered  as  absolutely  conclusive.  A  tree  falls  across  a 
little  running  stream,  dams  up  the  water,  and  produces  a 
marshy  spot.  Rushes  and  reeds  spring  up,  mosses  take 
xixA  and  grow.  Year  after  year  new  shoots  are  sent  forth 
and  the  old  plants  die.  Vegetable  matter  accumulates ;  a 
boe,  and  finally  a  thick  bed  of  peat  is  formed. 

Nor  does  this  peat  form  and  accumulate  at  the  expense 
of  one  species  or  genus  of  plants  only.  Latitude  and  local 
situation  are  the  circumstances  which  chiefly  affect  this 
accumulation  of  vegetable  matter  on  the  soil.  In  our  own 
country,  the  lowest  layers  of  peat  are  formed  of  aquatic 
plants,  the  next  of  mosses,  and  the  highest  of  heath.  In  Tei^ 
ra  del  Fuego,  "nearly  every  patch  of  level  ground  is  covered 
by  two  species  of  plants  {astelia  pumUa  of  Brown,  and 
donatia  TnageUanica),  which,  by  their  joint  decay,  compose 
a  thick  bed  of  elastic  peat"  ''  In  the  Falkland  Islands 
almost  every  kind  of  plant,  even  the  coarse  grass  which 
covers  the  whole  surface  of  the  island,  becomes  converted 
into  this  substance."* 

Whence  have  all  these  plants  derived  their  carbon  t  The 
quantity  originally  contained  in  the  soil  is,  alter  a  Tapse  of 
years,  increased  ten  thousand  fold.  Has  dead  matter  the 
power  of  reproducing  itself]  You  will  answer  at  once, 
that  all  these  plants  must  have  grown  at  the  expense  of  the 
air,  must  have  lived  on  the  carbon  it  was  capable  of  afford- 
ing them,  and  as  they  died  must  have  lefl  this  carbon  in  a 
state  unfit  to  nourish  the  succeeding  races. 

This  reasoning  appears  unobjectional,  and,  from  the 
entire  group  of  &cts,  we  seem  justified  in  conduding  that 

•  Darwin'i  Researches  in  Geology  and  Natural  History,  pp.  349-50. 
Dr.  Greville  informs  me  that  the  astelia  approaches  more  nearly  to  the 
juncev  or  rusk  iribe^  and  the  donaUa  to  our  tufted  iiaifragea,  than  to  mmj 
other  Brituh  plantf . 
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plants  every  wbere,  and  under  all  circumstances,  derive 
the  whole  of  their  carbon  from  the  atmosphere. 

In  certain  extreme  cases,  as  in  those  of  plants  growing 
in  the  air  and  in  soils  perfectly  void  of  organic  matter,  this 
conclusion  must  be  absolutely  true.  The  phenomena  admit 
of  no  other  interpretation.  But  it  is  as  strictly  true  of  the 
more  usual  forms  of  vegetable  life,  or  in  the  ordinary 
circumstances  in  which  plants  grow  spontaneously  or  are 
cultivated  by  the  art  of  man  1  Has  the  vegetable  matter 
of  the  soil  no  connection  with  the  growth  of  the  trees  or 
herbage? — does  it  yield  them  no  regular  supplies  of  nourish- 
ment 1  Does  nature  every  where  form  a  vegetable  mould 
on  which  her  wild  flowers  may  blossom  and  her  primeval 
forests  raise  their  lofty  heads  ?  Has  the  agricultural  ex- 
perience of  all  ages  and  of  all  countries  led  the  practical 
farmer  to  imitate  nature  in  preparing  such  a  soil  t  Does 
nature  work  in  vain  1 — ^is  all  this  experience  to  be  at  once 
rejected  1 

While  we  draw  conclusions,  legitimate  in  kind,  we  must 
be  cautious  how,  in  degree,  we  extend  them  beyond  our 
premises. 

The  consideration  of  one  or  two  facts  will  show  that  onr 
general  conclusion  must  either  be  modified  or  more  cau- 
tiously expressed. 

1^.  It  is  true  that  plants  will,  in  certain  circumstances, 
grow  in  a  soil  eoutaining  no  sensible  quantity  of  organic 
matter — but  it  is  also  true,  generally y  that  they  do  not 
luxuriate  or  readily  ripen  their  seed  in  such  a  soil. 

2^.  It  is  consistent  with  almost  universal  observation, 
that  the  same  soil  is  more  productive  when  organic  matter 
is  present,  than  when  it  is  wholly  absent. 

3<>.  Thst  if  the  crop  be  carried  off  a  field,  less  organic 
matter  is  lefl  in  the  soil  than  it  contained  when  the  crop 
began  to  grow,  and  that  by  constant  cropping  the  soil  is 
gradually  exhausted  of  organic  matter. 

Now  it  must  be  granted  that  tillage  alone,  without  crop- 
ping, would  gradually  lessen  the  amount  of  organic  matter 
m  the  soil,  by  continually  exposing  it  to  the  air  and  hasten- 
ing its  decay  and  resolution  into  gaseous  substances,  which 
escape  into  the  atmosphere.    But  two  years  open  fallow. 
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with  constant  stirring  of  tbo  land,  will  not  rob  it  of  vegeta- 
ble matter  so  effectQally  as  a  year  of  fallow  succeeded  by  a 
crop  of  wheat.  Some  of  the  vegetable  matter,  therefore, 
which  the  soil  contained  when  the  seed  was  sown,  most  be 
carried  off  the  field  in  the  crop. 

The  conclusion  therefore  seems  to  be  reasonable  and  le- 
gitimate, that  the  crop  which  we  remove  from  a  field  has 
not  derived  all  its  carbon  directly  from  the  air — but  has  ex- 
tracted a  portion  of  it  immediately  from  the  soil.  It  is  to 
supply  this  supposed  loss,  that  the  practical  farmer  finds  it 
necessary  to  restore  to  the  land  in  the  form  of  manure— 
among  other  substances — the  carbon  also  of  which  the 
straw  or  hay  had  robbed  the  soil. 

•  But  how  is  this  reconcileable  with  our  previous  concla-' 
sion,  that  the  whole  of  the  carbon  is  derived  from  the  air  t 
The  difficulty  is  of  easy  solution. 

A  seed  germinates  in  a  soil  in  which  no  vegetable  matter 
exists  ;  it  sprouts  vigorously,  increases  then  slowly,  grows 
languidly  at  the  expense  of  the  air,  and  the  plant  dies 
stunted  or  immature.  But  in  dying  it  imparts  vegetable 
matter  to  the  soil,  on  which  the  next  seed  thrives  better- 
drawing  support  not  only  from  the  air,  but  by  its  roots  from 
the  soil  also.  The  death  of  this  second  plant  enriches  the 
soil  further,  and  thus,  while  each  succeeding  plant  is  partly 
nourished  by  food  from  the  earth,  yet  each,  when  it  ceases 
to  live,  imparts  to  the  soil  all  the  carbon  which  during  its 
life  it  has  extracted  from  the  air.  Let  the  quantity  which 
each  plant  thus  returns  to  the  soil,  exceed  what  it  has 
drawn  from  it  by  only  one  ten-thousandth  of  the  whole,  and 
— unless  other  causes  intervene*— the  vegetable  matter  in 
the  soil  must  increase. 

Thus  while  it  is  strictly  true  that  the  carbon  contained 
in  all  plants  has  been  originally  derived  from  the  air,  it  is 
not  true  that  the  whole  of  what  is  contained  in  any  one 
crop  we  raise,  is  directly  derived  from  the  atmosphere— the 
proportion  it  draws  from  the  soil  is  dependent  upon  name- 
reus  and  varied  circumstances. 

The  history  of  vegetable  growth,  therefore--*in  so  far  at 
least  as  the  increase  of  the  carbon  is  concemed-»-BDay  be 
thus  simply  stated : 
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1^.  A  plant  grows  partly  at  the  expense  of  the  soil,  and 
partly  at  that  of  the  air.  When  it  reaches  maturity,  or 
when  winter  arrives,  it  dies.  The  dead  vegetable  matter 
decays,  a  part  of  it  is  resolved  into  gaseous  matter  and 
escapes  into  the  air,  a  part  remains  and  is  incorporated 
with  the  soil.  If  that  which  remains  he  greater  in  quanti- 
ty than  that  which  the  plant  in  growing  derived  from  the 
soil,  the  vegetable  matter  will  increase  ;  if  less,  it  will  di- 
minish. 

2^.  In  warm  climates  the  decay  of  dead  vegetable  mat- 
ter is  more  rapid,  and,  therefore,  the  portion  left  in  the  soil 
will  be  less  than  in  more  temperate  regions — in  other  words, 
the  vegetable  matter  in  the  soil  will  increase  less  rapidly-^ 
it  may  not  increase  at  all. 

3^.  As  we  advance  into  colder  countries,  the  decay  and 
disappearance  of  dead  vegetable  matter,  in  the  form  of  gas- 
eous substances  which  escape  into  the  atmosphere,  become 
more  slow — till  at  length,  between  the  parallels  of  40^  and 
450,  it  begins  to  accumulate  in  vast  quantities  in  favoura- 
ble situations,  forming  peat  bogs  of  greater  or  less  extent. 
While  the  living  plant  here,  as  in  warm  climates,  derives 
carbon  both  from  the  earth  and  from  the  air,  the  dead  plant, 
during  its  slow  and  partial  decay,  restores  little  to  the  at- 
mosphere, and  therefore  adds  rapidly  to  the  vegetable  mat- 
ter of  the  soil. 

40.  Again,  in  one  and  the  same  climate,  the  decay  of  ve- 
getable matter,  and  its  conversion  into  gaseous  substances, 
is  more  rapid  in  proportion  to  the  frequency  with  which  it 
is  disturbed  or  exposed  to  the  action  of  the  sun  and  ain 
Hence  this  decay  may  be  comparatively  slow  in  shady 
woods  and  in  fields  covered  by  thick  sward  of  grass;  and 
in  such  situations  organic  matter  may  accumulate,  while  it 
rapidly  diminishes  in  an  uncovered  soil,  or  in  fields  repeat- 
edly ploughed  and  subjected  to  frequent  cropping.* 

Being  thus  fitted,  by  nature,  to  draw  their  sustenance — 
now  from  the  earth,  now  from  the  air,  and  now  from  both» 

*  In  removing  a  crop  we  take  away  both  what  the  plants  have  received 
from  the  earth  and  what  they  have  absorbed  from  the  air— the  materials,!  n 
abort,  intended  by  natare  to  restore  the  loss  of  vegetable  matter  arising  from 
the  natniB]  decay. 
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accorcling  as  they  can  most  readily  obtain  it — ^plants  are 
capable  of  living,— though  rarely  a  robust  life, — at  the 
expense  of  either.  The  proportion  of  their  food  which  they 
actually  derive  from  each  source,  will  depend  upon  many 
circumstances — on  the  nature  of  the  plant  itself— on  the 
period  of  its  growth — on  the  soil  in  which  it  is  planted— on 
the  abundance  of  food  presented  to  either  extremity — on 
the  warmth  and  moisture  of  the  climate — on  the  duration 
and  intensity  of  the  sunshine,  and  other  circumstances  of  a 
similar  kind — so  that  the  only  general  law  seems  to  be,  that, 
like  animals,  plants  have  also  the  power  of  adapting  them- 
selves, to  a  certain  extent,  to  the  conditions  in  which  they 
are  placed  ;  and  of  supporting  life  by  the  aid  of  such  sus- 
tenance as  may  be  within  their  reach. 

Such  a  view  of  the  course  of  nature  in  the  vegetable  king- 
dom, is  consistent,  I  believe,  with  all  known  facts.  And 
that  the  Deity  has  bountifully  fitted  the  various  orders  of 
plants — with  which  the  surface  of  the  earth  is  at  once  beaa- 
tified  and  rendered  capable  of  supporting  animal  life — to 
draw  their  nourishment,  in  some  spots  more  from  the  air, 
in  others  more  from  the  soil,  is  only  in  accordance  with  the 
numerous  provisions  we  every  where  perceive,  for  the  pre- 
servation and  continuance  of  the  present  condition  of  things. 

By  taking  a  one-sided  view  of  nature,  we  may  arrive  at 
startling  conclusions— correct,  if  taken  as  partial  truths,  yet 
false,  if  advanced  as  general  propositions — and  fitted  to  lead 
into  error,  such  as  have  not  the  requisite  knowledge  to  ena- 
ble them  to  judge  for  themselves —or  such  as,  doubtful  of 
their  own  judgment,  are  willing  to  yield  assent  to  the  au- 
thority of  a  name. 

Of  this  kind  appears^  at  first  sisht,  to  be  the  statement  of 
Liebig,  that  "  when  a  plant  is  quite  matured,  and  when  the 
organs  by  which  it  obtains  food  from  the  atmosphere  are 
formed,  the  carbonic  acid  of  the  soil  is  no  further  required" 
— and  that,  ''during  the  heat  of  summer  it  derives  its  carbon 
exclusively  from  the  atmosphere."* 

A  little  consideration  will  show  us  that,  while  the  propo- 
sition contained  in  the  former  quotation  may  be  entertained 

*  Oi^viic  Chemistry  applied  to  Agricultare,  p.  48. 
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and  adranced  as  a  metier  qfepimon — the  latter  is  obyioas]y 
incorrect.  In  sammer,  when  the  sun  shines  the  brightest, 
and  for  the  greatest  nunber  of  hours,  the  evaporation  froQi 
the  leaves  of  all  plants  (their  insensible  perspiration)  is  the 
greatest* — the  largest  supply  of  water>  therefore,  must  at 
this  season  be  absorbed  by  the  roots,  and  transmitted  up- 
wards to  the  leaves.  But  this  water,  before  it  enters  the 
roots,  has  derived  carbonic  acid  and  other  soluble  sebstances 
from  the  air  and  from  the  soil,  in  as  large  quantity  at  this 
period,  as  at  any  other  during  the  erowh  of  the  plant ;  and 
these  substances  it  will  carry  with  it  in  its  progress  through 
the  roots  and  the  stem. 

Are  the  functions  of  the  root  changed  at  this  stage  of  the 
plant's  growth  t  Do  they  now  absorb  pure  water  only,  care- 
fully separating  and  refusing  to  admit, — even  such  substan- 
ces as  are  held  in  solution  ?  Or  do  the  same  materials  which 
minister  to  the  growth  of  the  plant  in  its  earlier  stages,  now 
pass  upwards  to  the  leaf  and  return  again  in  the  course  of 
the  circulation  unchanged  and  unemployed,  to  be  again  re- 
jected at  the  roots  ?  Does  all  this  take  place  in  the  height 
of  summer,  while  the  plant  is  still  rapidly  increasing  in  size  7 
The  opinion  is  neithersupported  by  facu  nor  consistent  with 

analogy. 

But  such  an  opinion, — however  the  words  above  quoted 
may  mislead  some,' — it  is  not  intended  to  be  advanced  by 
Liebig ;  for,  in  the  following  page  he  says,  that  "  the  power 
which  roots  possess  of  taking  up  nourishment  does  not  cease 
so  long  as  nutriment  is  present."  In  summer,  therefore,  as 
well  as  in  spring  or  in  autumn,  the  plant  must  be  ever  ab- 
sorbing nourishment  by  these  roots,  if  the  soil  is  capable  of 
affording  it — and  thus,  in  the  general  vegetation  of  the  globe, 
the  increase  of  carbon  in  growing  plants  must,  at  every 
season  of  the  year,  be  partly  derived  from  the  vegetable 
matter  of  the  soil  in  which  they  grow. 

§  2.  Farm  in  which  Carhon  enters  into  the  circulation  of 

Plants. 

Supposing  it  to  be  established  that  the  whole  of  the  car- 

•  Ltnaiey't  Theory  of  Horticoltore^  p.  46. 
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boB  eontaiaed  in  plants  baa  originally  been  deriyed  from 
tbo  aiiv- we  have  only  to  inquire  in  what  state  this  element 
exists  in  the  atmoephere,  in  order  to  satisfy  ourselves  as  to 
the  fifrt%  of  combination  in  which  it  is  and  has  been  re- 
ceived, into  the  circulation  of  plants.     In  considering  the 
constitution  of  the  atmosphere  in  the  preceding  lecture,  it 
was  stated  that  carbonic  acid,  a  compound  of  carbon  and 
oxygen,  is  always  present  in  it-<-and  that,  though  this  gas 
isoifiused  through  the  air  in  comparatively  small  quantity 
OBly,  yet  it  is  every  where  to  be  detected, — while  no  other 
compound  of  carbon  is  to  be  found  in  it  in  any  appreciable 
quantity.     We  must  conclude,  therefore,  that  from  this  gas- 
eous carbonic  acid  the  whole  of  the  carbon  contained  in 
plants  has  been^rtmart'/y  derived.     This  conclusion  is  con- 
firmed by  the  observation    so   frequently  made,  that  the 
loaves  of  plants  in  sunshine  absoib  carbonic  acid,  and  that 
plants  die  in  an  atmosphere  from  which  this  gas  is  entirely 
excluded. 

But  we  have  seen  reason  to  believe  that,  under  existing 
circumstances,  plants  also  extract  a  portion  of  the  carbon 
they  contain  from  the  soil  in  which  they  grow.  In  what 
state  or  form  of  combination  do  the  rooU  absorb  carbon  T 

The  roost  abundant  product  of  the  decay  of  vegetable 
matter  in  the  soil,  is  the  same  carbonic  acid  which  planta 
inhale  so  largely  from  the  atmosphere  by  their  leaves.  In 
a  soil  replete  with  vegetable  matter,  therefore,  the  roots  are 
surrounded  by  an  atmosphere  more  or  less  charged  with 
earbonic  acid.  Hence  if  they  are  capable  of  inhaling  gase- 
ous substances,  this  gas  will  enter  the  roots  in  the  aerifonoa 
state— -if  not,  it  must  enter  in  solution  in  the  water,  which 
the  roots  drink  in  so  largely,  to  supply  the  constant  waste 
caused  by  the  insensible  perspiration  of  the  leaves. 

During  the  early  fermentation  of  artificial  manures  there 
is  also  developed  in  the  soil  a  variable  proportion  of  light 
carburetted  hydrogen  (Lecture  III.,  p.  64),  which  is  sup- 
posed by  some  to  enter  occasionally  into  the  roots.  That  it 
does  enter,  however,  is  doubtful, — and  we  are  safe,  I  think, 
in  considering  this  compound  not  only  as  an  uncertain 
source  of  the  carbon  of  plants,  but  as  one  from  which,  in 
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the  most  favourable  circumstances,  they  can  derive  only  a 
small  supply. 

Thus,  from  the  earth  as  from  the  ahr,  the  most  unfailing 
supply  of  food  is  the  gaseous  carbonic  acid. 

But  as  the  water  passes  through  the  soil  it  takes  upiaefr 
ganic  substances — potash,  soda,  lime,  magnesia — aikd  con* 
veya  them  through  the  roots  into  the  circulation  of  the  plants. 
Can  it  refuse  to  take  up  and  to  perform  a  similar  omee  t» 
the  soluble  organic  substances  it  meets  with,  as  it  bM» 
through  the  soil  ]  Or  do  the  spongioles  of  the  roots  keep 
a  perpetual  watch  over  the  entering  waters,  to  prevent  the 
introduction  of  every  soluble  form  of  carbon  but  that  of 
carbonic  acid  t  Or,  supposing  such  substances  introduced 
into  the  interior  of  the  plant,  are  none  of  them  digested 
there  and  converted  to  the  general  purposes  of  &od  t  A 
statement  of  two  or  three  facts  will  afford  a  satisfacCery  m» 
ply  to  these  several  questions. 

1^.  When  plants  are  made  to  grow  in  infusions  of  madder 
the  radicle  fibres  are  tinged  of  a  red  colour. 

2<3.  The  flower  of  a  white  hyacinth  becomes  red  after  a 
few  hours,  when  the  earth  in  which  it  is  planted  is  sprinkled 
with  the  j  uice  of  the  phytelaea  decamdra  (  Kot.) 

Therefore  organic  sul^stancet  can  enter  into  the  roots^  and 
thence  into  the  circulation  of  the  plant. 

3^.  The  colour  of  the  madder  does  not  usually  extend 
upwards  to  the  leaves  and  flowers  of  the  plant. 

4<'.  The  colour  imparted  to  the  flower  of  the  white  hya- 
cinth disappears  in  the  sunshine  in  the  oout*se  of  a  few  days. 

Organic  colouring'  fnaiiers,  there/ore^  undergo  a  chemical 
change  either  in  the  $tem,  in  the  leaf,  or  t«  tJie  flower '^mom^ 
sooner,  some  later — and  the  same  is  probably  the  case  witk 
most  other  organic  substances  which  gain  admission  into  the 
interior  of  planU. 

^^.  Sir  Humphry  Davy  introduced  plants  of  mint  iota 
weak  solutions  of  sugar,  gum  jelly,  the  tanning  prineiple, 
&c.,  and  found  that  they  grew  vigorously  in  all  of  theai.. 
He  then  watered  separate  spots  of  grass  with  the  same  se* 
veral  solutions,  and  with  common  water,  and  found  all  to 
thrive  more  than  that  to  which  common  water  was  applied 
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— ^while  those  treated  with  sugar,  guiD,  and  gelatine,  grew 
luxuriantly.* 

Therefore  different  organic  substances-— being  introduced 
into  the  circulation  and  there  changed— -are  converted  by 
plants  into  their  own  substance,  or  act  asjbed,  and  nouriik 
the  plant. 

We  may  consider  it  therefore,  to  be  satisfactorily  estab- 
Ibhed  that,  while  a  plant  sucks  in  by  its  leaves  and  roots 
much  carbon  in  the  form  of  carbonic  acid,  it  derives  a  va- 
riable portion  of  its  immediate  sustenance  (of  its  carbon) 
from  the  soluble  organic  substances  that  aie  within  reach 
of  its  roots. 

This  fact  is  never  doubted  by  the  practical  husbandman. 
It  forms  the  basis  of  many  of  his  daily  and  most  important 
operations,  while  the  results  of  these  operations  are  further 
proofs  of  the  fact. 

The  nature  of  the  soluble  substances  which  are  formed 
during  the  decay  of  animal  and  vegetable  substances — and 
which  the  roots  of  plants  are  supposed  to  take  up-*will  be 
considered  in  a  subsequent  lecture.t 

§  3.  Source  of  the  hydrogen  qfplanU, 

The  source  of  the  hydrogen  of  plants  is  less  doubtful,  and 
will  require  less  illustration,  than  the  source  of  the  carbon. 
This  elementary  substance  is  not  known  to  exist  in  nature 
in  an  uncombined  state,  and,  therefore  it  must,  like  carbon, 
enter  into  plants  in  union  with  some  other  element. 

1<>.  Water  has  been  already  shown  to  consist  of  hydrogen 
in  combination  with  oxygen.  In  the  form  of  vapour,  this 
compound  pervades  the  atmosphere,  and  plays  among  the 
leaves  of  plants  while  in  the  liquid  state  it  is  diffused  through 
the  soil,  and  is  unceasinglv  drunk  in  by  the  roots  of  all  living 
vegetables.  In  the  interior  of  plants-r-at  least  during  their 
grrowth*— this  water  is  continually  undergoingdecoropoaition 
and  it  is  unquestionably  the  chief  source  of  the  hydrogen 

*  AgricuUurmI  Chemiitry,  Lectare  VI. 

t  Thu  part  of  the  sutnect  nvght  have  been  ditcuued  hiore  «ttbout  appeal^ 
iof  out  of  place — bat  it  will  come  in  more  appropriately,  I  think,  mhen 
traatisg  of  tm  nature  and  mode  of  action  of  94g€tabi4  aunnrriM. 
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which  enters  iDto  the  constitution  of  their  several  parts.  la 
explaining  the  properties  of  water  J.  have  already  dwelt  up- 
on the  apparent  facility  with  which  its  elements  are  capa- 
ble either  of  separating  from,  or  of  /-e-uniting  to,  each  other, 
in  the  vascular  system  of  animals  or  of  plants.  The  rea- 
son and  precise  results  of  these  transformations  we  shall 
*faereafler  consider. 

2°.  In  light  carburetted  hydrogen  (CH^),  given  off  as 
already  stated  during  the  decay  of  vegetable  matter,  and 
said  to  be  always  present  in  highly  manured  soils,  this  ele- 
ment, hydrogen,  exists  (»  the  amount  of  nearly  one-fourt|i 
of  its  weight.  On  the  extent,  therefore,  to  which  this  gase- 
ous compound  gains  admission  into  the  roots  of  plants,  will 
depend  the  supply  of  hydrogen  which  they  are  capable  of 
d  ra  wing  fro m  this  s ource.  Had  we  satisfactory  evideo ce  of 
the  actual  absorption  of  this  (marsh)  gas  by  the  roots  or 
leaves  of  plants,  in  any  quantity,  we  should  have  no  diffi- 
culty in  admitting  that  plants  might,  from  this  source,  easily 
obtain  a  considerable  supply  both  of  carbon  and  of  hydrogen. 
It  would  be  also  easy  to  explain  how  (that  is  by  what  chemi- 
cal changes),  it  is  capable  of  being  so  appropriated.  But 
the  extent  to  which  it  really  acts  as  food  to  living  vegeta- 
bles is  entirely  unknown. 

3°.  Ammonia  is  another  compound,  containing  much 
hydrogen,*  which,  as  I  have  already  stated,  exercises  a  ma- 
nifest influence  on  the  growth  of  plants.  If  this  substance 
enter  into  their  circulation  in  any  sensible  q^aantity, — ^if,  as 
some  maintain,,  it  be  not  only  universally  diffused  throughout 
nature,  but  is  constantly  affecting,  and  influencing  at  afi 
times,  the  univessal  functions  of  vegetation--— there  can  be 
no  doubt  that  the  hydvog^n  it  contains  must,  to  an  equal 
extent,  be  concerned  in  the  production  of  the  various  organic 
substances  which  are  formed  or  elaborated  by  the  agency  of 
vegetable  life..  How  &r  this  pcobable  tBter£eifenceoftbe  by- 
drogea  of  ammonia  with  the  functions  of  the  vegetable 
organs,  will  tend  to  explain  or  illustrate  the  inffaience  a^ 
tually  exerted  by  this  eomponnd,  we  shall,  by  an«l  bg^e,  more 

*  Its  fornittUL  beip;  NH',.  or  one  equivalent  of  nitrogen  ami  three  oC 
hjrdrogen. 

8* 
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ftccorately  ioquire.  In  the  mean  time,  the  quantity  of  am- 
monia, which  actually  enters  into  the  circolaiton  of  plants 
in  a  state  of  nature,  is  too  little  known,  and  making  the 
largest  allowance,  probably  too  minute,  to  permit  us  to  con- 
sider it  as  an  important  source  of  hydrogen  to  the  general 
Tegetatton  of  the  globe. 

40.  The  soluble  organic  substances,  which  enter  into  the' 
circulation  of  plants  through  the  roots,  as  shown  in  the  pre- 
ceding section,  do  not  consist  of  carbon  and  wateF  only,  but 
of  combinations  of  carbon  with  hydrogen  and  oxygen  in 
Tarious  proportions.  From  these  substances,  therefore, 
plants  derive  an  uncertain  and  indefinite  supply  of  hydro- 
gen in  a  state  already  half-organized,  and  probably,  still 
more  easily  assimilated  or  eonrerted  into  portions  of  their 
own  substance,  than  when  this  element  is  combined  with 
oxygen  in  the  form  of  water. 

We  may,  therefore>  eonclude  generally  in-  Fegard  to  the 
source  of  the  bydrogen  of  plants — that  though  there  are 
undoubtedly  several  other  forms  of  combination  in  which 
this  element  may  enter  into  their  circulation,  in  uncertain 
quantity— yet  that  all-pervading  water  is  the  main  and  con- 
stant source  from  whicn  the  hydrogen  of  vegetable  substan- 
ces is  derived. 

§  4.  Source  of  the  oocygen  qfplante, 

We  can  at  once  perceive,  and  without  difficulty,  the  m- 
rious  sources  of  the  oxygen  of  plants ;  though  ih  is  difficult 
in  this  case  also  to  say  how  much  they  derive  from  each. 

10.  The  water  which  they  imbibe  so  largely  consists  in 
great  part  of  oxygen,*  and  is  easily  decomposed.  This 
alone  would  yield  an  inexhaustible  supply. 

20.  The  atmosphere  contains  21  per  cent,  of  its  bulk  of 
oxyeen,  and  the  leaves  of  plants  in  certain  circumstances 
are  known  to  absorb  this  oxygen.  The  air  ia  which  thej 
live,  therefore,  might  be  another  source. 

3^.  Carbonic  acid  contains  72  per  cent,  by  weight  of  oxy- 
gen, and  tliis  gas  is  also  known  to  be  absorbed  in  large 

*  EigJttHiiDChs  of  the  weight  of  water  an  oxygen.. 


■OVltCB  or  TBB  N1TK0»EN.  91 

qaantity  from  the  atmosphere  by  the  leaves  of  plants-^while 
its  solution  in  water  is  admitted  readily  by  the  roots. 

From  any  one  of  these  sources  an  ample  supply  of  oxygen 
might  readily  be  obtained,  and  it  may  be  considered  as  a  proof 
of  the  vast  importaDce  of  tbie  element  to  the  maintenance 
of  animal  and  vegetable  life,  that  it  is  every  where  placed  so 
abundantly  within  the  reach  of  living  beings.  It  is  from  the 
first  of  these  sources,  however,  from  the  water  they  contain, 
that  plants  are  believed  to  derive  their  principal  supply. 
The  reasons  on  which  this  opinion  is  founded  will  appear, 
when  we  shall  have  considered  the  functions  of  the  several 
parts  of  plants,  and  the  chemical  changes  to  which  the  food 
IS  subjected  in  the  course  of  the  vegetable  circulation. 

{  5.  Source  qftht  nitrogen  qfpUuUi^ 

The  quantity  of  nitrogen  present  in  plants  i»very  smali, 
compared  with  that  of  any  of  the  other  elements  which  en- 
ter into  their  constitution.  Of  this  you  will  be  reminded,  by 
a  reference  to  the  analyses  of  hay,  oats,  and  potatoes,  ex- 
hibited in  the  second  lecture  (page  33),  which  show  that  the 
nitrogen  contained  in  these  several  crops,  when  perfectly 
dried  at240^^F.,  is  respectively  1^,  2^,  and  1|  per  cent.  In 
the  state  in  which  they  are  usually  given  to  cattle  they  con- 
tain a  still  less  per  centage  of  nitrogen,  in  consequence  of 
the  quantity  of  water  stili  present  in  them.  Thus  raw  po- 
tatoes aa  they  axe  given  to  cattle  contain  only  ^  of  a  per 
cent,  of  nitrogen,  hay  1|-  per  cent.,  and  oats  lyV*'  P®'  ceniL 
or  a  hundred  pounds  of  each  contain  5  ounces,  I  pound  5 
ounces,  and  1  pound  14  ounces  respectively. 

It  would  appear  at  first  sight  as  if  this  small  qiiantity  of 
nitrogen  could  be  of  little  importance  to  the  pl$nt„ especial- 
ly since,  as  we  shall;  hereafter  see,  it  does  not  enter  as  a 
constituent  inio  those  vegetable  substances,  such  as  woody 
fibre,  starch,  sugar,  and  gum,  which  plants  produce  in  the 
greatest  abundance,  and  of  which  their  own  stems  and 
branches  chiefly  consist.     The  same  remark^  however,  ap 


*  0*33,  1'29,  and  1*87-  per  oent^tfae  potatoes  cootaining  also  78 
of  water,  the  hay  14,  and  the  oata  15  per  oent» 


percent. 
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plies  to  tbis,  as  to  many  other  cases  whUh  present  tlieoi- 
selves'to  the  chetnist,  daring  his  analyses,  especially  of 
organized  substances, — that  those  elements  which  are 
present  only  in  small  quantity  are  as  necessary — as 
essential — to  the  constitution  of  the  particular  substance  in 
which  they  occur,  as  other  elements  are  of  which  they  con- 
tain much ;  and  that  if  these  small  quantities  are  removed 
or  absent,  not  only  are  the  physical  and  chemical  properties 
of  the  substance  materially  altered,  but  it  is  found  also  to 
exercise  a  very  difierent  influence  on  animal  and  vegetable 
life.  This  latter  observation  will  present  itself  to  you  in  a 
Tory  striking  light,  when  we  come  hereafter  to  study  the 
nutritive  properties  of  the  several  kinds  of  food  by  which 
animals  are  chiefly  supported, — and  shall  see  on  what  ele- 
mentary body  their  relative  nutritive  properties  depend,  or 
by  the  amount  of  which  their  relative  value  appears  at  least 
to  be  indicated. 

But  a  consideration  of  the  absolute  quantity  of  nitrogen 
contained  in  an  entire  crop  will  satisfy  you  that  though 
small  in  comparative  amount,*  this  element  cannot  be  with- 
oat  its  due  share  of  importance  in  reference  to  vegetable 
life.  Hay,,  as  above  stated,  contains,  as  it  is  stacked,  l^t 
per  cent,  of  nitrogen^  or  a  ton  of  hay  contains  30  lbs.  of 
this  elements  A  good  crop  of  hay,  on  land  which  is  depas- 
tured during  the  winter,  will  amount  to  2  or  2^  tons(  per 
acre.  Taking  2  tons  as  an.  average,  the  hay  from  one  acre 
will  contain  60  lbs.  of  nitrogen,  or  from  100  acres  6000 
ttw.,  e<|ual  to  2f  tons  of  nitrogen. 

*That  ]#,  coDipsred  with  tbe  oarbon  and  oxygen  which  pUoU  ooo- 
tain. 

t  In  riiSecent  crops  of  hay  BouuingauU  found  in  three  several  years  tho 
following  piopoitions  of  nitrogen : — 

Hay,  as  comffiooly        Hay  dried  at 
•tacked.  230«  F. 

In  1836  1*18  1-04  of  nitrogen  per  cent. 

"   1S38  1-a  115  "  •• 

«   1839  1-5  I '3  '•  " 

"   Aftermath        9-4  2-0  "  *« 

X  The  Rev.  Mr.  Ogle,  of  Kirkley,  Northumberland,  informs  me  that  aome 
of  his  land  near  the  Hall  has  yielded  annually  at  this  rate  for  1 00  yesra, 
and  without  other  manure  than  the  droppings  fron  the  cattle  which  faftv* 
fed  upooit. 
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Allowing,  therefore,  nothing  for  the  aftermath,  and  sup- 
posing the  other  crops  to  contain  no  more  Ditrogen  than  the 
nay  does,  the  farmer  of  five  hundred  acres  will  annually 
carry  into  his  stack-yard  at  least  13  tons  of  nitrogen  in  the 
form  of  hay,  straw,  grain,  and  other  produce.* 

Nature  performs  all  her  operations  on  a  large  scale, 'and 
the  Quantity  of  materials  she  employs  are  large  in  a  corres- 
ponding degree.  Hence,  though  comparatively  small,  the 
nitrogen  in  vegetable  substances  is  absolutely  large.  Yon 
cannot  suppose,  when  viewed  in  this  light,  that  nitrogen  is 
an  element  of  little  consequence  in  reference  to  vegetable 
life ;  or  that  in  nature  it  should  be  so  constantly  and  univer- 
sally diffused  without  reference  to  some  important  end.  If 
I  may  be  allowed  a  familiar  illustration  of  the  mode  in 
which  small  quantities  of  matter  will  affect  the  sensible  pro- 
perties of  large  masses^  I  would  recall  to  your  minds  the 
effects  of  seasoning  upon  food,  in  imparting,  when  added 
in  small  quantity  only,  an  agreeable  relish  to  what  would 
otherwise  be  insipid.  But  1  need  not  dwell  on  this  point, 
since  I  shall  hereafter  have  occasion  to  draw  your  attention 
to  certain  facts  in  reference  to  the  constitution  of  the  at- 
mosphere, which  will  satisfy  you  that,  by  the  agency  of 
comparatively  feeble  causes,  gigantic  effects  are  continually 
produced  in  nature, — and  that  we  can  scarcely  fall  into  a 
graver  error  in  reasoning  of  natural  processes,  than  by 
overlooking  the  agency  of  ft>rms  ef  matter  which  present 
themselves  to  our  senses  in  minute  quantity  only.  In  re- 
ference to  insect  life  this  truth  has  been  long  established. 
In  the  coral  reeft  you  are  familiar  with  the  wonderful  re- 
sults of  the  preserving  labour  of  minute  animals  in  one  ele- 
ment. When  I  come  to  explain  the  nature  and  origin  of 
soils,  I  shall  have  occasion  to  show  that  even  the  element 
on  which  you  labour — the  earth,  on  the  cultivation  of  which 
your  thoughts  and  hands  are  daily  employed — is  occa- 

*  This  ap€rag9  ettimate  gives  bot  an  inaccurate  i4ea  of  the  quantity  ac- 
tually contained  in  tome  speeiet  of  crept.  Thus  red  clover  with  the  aid  of 
^pcum  will  yield  3  ton*  of  hay  per  acre.  This  bay  contains  more  than  twice 
the  qaantity  of  nitrogen  ( Bonssingault)  that  consmon  bay  does,  hence  an 
■ere  of  such  hay  wo«ikl  contain  at  least  180 Iba.  of  nitrogen^  {See  Lecture 
II.,  p.  33.) 
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sionally  indebted  for  some  of  its  most  valuable  properties  to 
a  similar  agency,  often  unseen  by  you,  and  though  working 
for  your  good,  unheeded  and  untbought  o£ 

Whence,  then,  is  this  nitrogen  derived  by  plants  1  The 
primary  source  it  is  not  difficult  to  see.  We  can  arrive  at 
it  by  a  train  of  reasoning  similar  to  that  which  led  us  to  the 
atmosphere  as  the  original  source  of  the  carbon  of  plants. 
Nitrogen  does  not  constitute  an  ingredient  of  any  of  the 
solid  rocks,*  nor  do  we  know  any  other  source  than  the  at- 
mosphere from  which  it  can  be  obtained  in  very  large  quan- 
tity. It  exists,  as  we  have  seen,  in  many  vegetables,  and  it 
is  more  largely  present  in  animal  substances,  but  these  or- 
ganized matters  must  themselves  have  drawn  this  element 
from  a  foreign  source,  and  the  atmosphere  is  the  only  one 
from  which  we  can  fairly  assume  it  to  have  been  originally 
derived. 

But  though  the  nitrogen,  like  the  carbon  of  plants,  may 
thus  be  traced  to  the  atmosphere — as  its  original  source — ^it 
does  not  follow  that  this  element  is  either  absorbed  directly 
from  the  air,  or,  in  an  uncombined  and  gaseous  state. 
Though  the  leaves  of  trees  and  herbs  are  continually  sur- 
rounded by  nitrogen,  the  constitution  of  plants  may  be  un- 
fitted for  absorbing  it  by  their  leaves^  The  nitrogen  may 
not  only  require  to  be  in  a  state  of  combination  before  it 
can  enter  into  the  circulation,  but  it  may  also  be  capable  of 
gaining  admission  only  by  the  roots.  These  points  are 
considered  in  the  following  section. 

§  6.  Form  in  which  the  nitrogen  enters  into  the  circulation  qf 

Plants. 

The  question  as  to  the  form  in  which  nitrogen  enters 
into  the  circulation  of  plants  is  one  which  at  the  present 
moment  engages  much  attention.  It  will  be  proper,  there- 
fore, to  discuss  it  with  considerable  care. 

*  Except  coal,  aod  coalitwlf  i«  of  ve^^etablo  ori^n.  Throughout  all  rocka 
in  which  organic  remains  are  founil»  more  or  less  animal  matter  cooteioin^ 
nitrogen  it  to  be  met  with,  but  these  remains  aro  only  accidentally  preaent, 
and  they  must  have  derived  their  nitrogen  during  life,  cither  directly  or  iudi- 
roctly,  from  the  atmosphere. 
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1^.  It  is  considered  an  essential  part  of  good  tillage  to 
break  up  and  loosen  the  soil,  in  order  that  the  air  may  have 
access  to  the  dead  vegetable  matter,  as  well  as  to  the  liv- 
ing roots  which  descend  to  considerable  depths  beneath  the 
surface.  When  thus  admitted  to  the  roots,  it  is  impossible 
that  some  of  the  nitrogen  of  the  atmosphere,  as  well  as 
some  of  its  oxygen,  may  be  directly  absorbed  and  appro- 
priated by  the  plant.  To  what  extent  this  absorption  of 
nitrogen  may  proceed,  however,  we  have  as  yet  no  experi- 
mental results  from  which  we  can  form  any  estimate. 
Whether  it  takes  place  at  all  or  not,  is  wholly  a  matter  of 
opinion. 

20.  The  leaves  of  plants,  as  will  be  more  fully  explained 
hereafter,  absorb  certain  gaseous  substances  from  the  at- 
mosphere, and  we  might,  therefore,  expect  that  some  of  the 
nitrogen  of  the  air  would,  by  this  channel,  be  admitted  into 
their  circulation.  This  view,  however,  is  not  confirmed  by 
any  of  the  experiments  hitherto  made  with  the  view  of  in- 
vestigating the  action  and  functions  of  the  leaves.*   We  are 

*  See  tabseqQ(»nt  lecture  "  On  the  ttruetwrt  erndfundioM  of  ike  several 
parts  of  pUtaUs" 

The  experimeDts  above  referred  to  were  made  upon  plant*  growing 
io  close  vesselM,  the  air  contained  io  which  was  measured  and  examined 
(analysed)  both  before  the  planta  were  introduced  and  afrer  they  had 
been  some  time  in  the  vessel.  In  these  experiments  the  bulk  of  the  nitn^ 
gen  present  has  sometimes  been  observed  to  increase,  but  never  to  dtmtsM 
tsJi,  io  quantity.  The  conclusion  seems  satisfactory,  that  no  nitrogen  ia 
abstracted  directly  from  the  atmosphere  by  the  leaves  of  plants.  Yet  Bous- 
singaultt  very  justly  remarks,  that  a  diminution  in  the  bulk  of  the  nitrogen, 

£t  Boussingault  detail*  a  series  of  experinoenU  in  the  course  of  which  he 
made  peas,  trefoil,  wheat,  and  oats,  grow  in  the  same  pure  siliceous  sand  con- 
taining no  organic  matter,  and  watered  them  with  the  same  distilled  water. 
The  absolute  quantity  of  nitrogen  increased  sensibly  in  the  peas  and  trefoil 
during  their  growth ;  in  the  wheat  and  oats  no  change  could  be  detected  by 
analysis.  From  these  results  he  is  inclined  to  infer  that  the  green  leaves  of 
the  former  have  the  power  of  sensibly  absorbing  nitrogen  from  the  atmos- 
phere, while  those  of  the  latter  have  not  this  power— at  least  under  the  cir- 
cvmstancea  in  which  the  experiment!  were  made.  This  oonclnsioo,  how^ 
ever,  is  not  certain,  as  will  presently  be  shown. — See  Ann.  de  Chitn.  et  de 
Pkys,  Ixvii  p.  1.  and  Uix.,p.  353.] 
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not  at  liberty,  therefore,  to  assume  that  any  of  the  Ditrogen 
which  plants  contain  has  in  this  way  been  derived  directly 
from  the  air*     It  may  be  the  case ;  bat  it  is  not  yet  proved. 

3^.  There  is  little  doubt,  however,  that  nitrogen  enters 
the  roots  of  plants  in  a  state  of  solution.  But  the  quantity 
they  thus  absorb  is  uncertain — it  is  supposed  to  be  small^ 
and  must  be  variable. 

When  water  is  exposed  to  the  air  in  an  open  vessel  it  gra- 
dually  absorbs  oxygen  and  nitrogen,  though,  as  has  been 
stated  in  a  previous  lecture,  in  proportions  different  from 
those  in  which  they  exist  in  the  atmosphere*  The  whole 
quantity  of  the  mixed  gases  thus  taken  up  amounts  to  about 
4  per  cent,  of  the  bulk  of  the  water  (Humboldt  and  Gay- 
Lussac),  and  in  rain  water  about  f  of  the  whole  consist  of 
nitrogen.  One  hundred  cubic  inches  of  rain  water,  there- 
fore, will  carry  into  the  soil  about  2}  inches  of  nitrogen  gas. 
But  in  passing  through  the  soil,  the  water  meets  with  other 
soluble  substances  before  it  reaches  the  roots,  especially  the 
deep-seated  roots  of  plants.  It  takes  up  carbonic  acid,  and 
it  dissolves  solid  substances,  and  in  doing  so  it  is  a  property 
of  water  to  give  off  a  portion  of  the  other  gases  which  it  had 
previously  absorbed  from  the  air. 

But  let  us  suppose  that  rain  water  actually  takes  to  the 
roots,  and  carries  with  it  into  the  circulation  of  the  plant,  2 
per  cent,  of  its  bulk  of  nitrogen,  and  let  us  calculate  how 
much  of  the  nitrogen  it  contains  a  crop  of  hay  could  in 
this  way  derive  from  the  air. 

too  imall  to  be  detected  in  the  ordinary  mode  of  making  these  experiments, 
would  be  sufficient  to  account  for  a  considemMe  portion  of  that  comparatively 
small  quantity  of  nitrogen  which  is  present  in  all  living  plants.  While,  tbere* 
fore,  we  accord  their  due  weight  to  these  researches  of  the  Yegetable  physio- 
logists, we  are  not  to  consider  them  as  by  any  means  decisive  of  the  qoestioa. 
With  this  rational  and  cautious  couclusion,  Liebig  is  not  satisGed  ;  he  sajra, 
**  We  have  not  the  slightest  reason  fur  believing  that  (he  nitrogen  of  (be  at- 
mosphere takes  part  in  tho  processes  of  assimilation  of  plants  and  animals  ; 
on  the  contrary,  we  know  that  many  plants  emit  the  nitrogen  which  is  ab- 
sorbed by  their  roots  either  In  the  gaseous  form  or  in  solution  In  witter.'* 
(p.  70.)  But  if  they  occasionally  expire  nitrogen  by  their  leaves,  why  moat 
this  nitrogen  be  exactly  that  portion  which  has  previously  been  absorbed  hj 
the  roots  in  the  uncombined  state,  and  the  quantity  of  which  is  so  luioertaia 
and  so  iodifioite  f 
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The  quantity  of  rain  that  falls  at  York  from  the  first  of 
March  to  the  middle  of  June — during  which  time  the  grass 
grows  and  generally  ripens— -is  about  five  inches.*  On  a 
square  foot»  therefore,  there  fall  720  cubic  inches  of  water, 
containing  two  per  cent,  of  their  bulk,  or  14  cubic  inches,  of 
nitrogen,  weighing  4j>  grains.  This  gives  28  lbs.  for  the 
quantity  of  nitrogen  thus  brought  to  the  soil  over  an  entire 
acre.  ^  But  if  we  consider  how  the  rain  falls  in  our  climate, 
we  cannot  suppose  the  grass  in  a  field  to  absorb  by  its  roots, 
and  afterwards  perspire  by  its  leaves,  more  than  one  third 
of  the  whole.  This  quantity  would  carry  with  it  9  lbs.  of 
nitrogen  into  the  circulation  of  the  plants*-or  little  more 
than  a  seventh  part  of  the  60  lbs.  which,  as  we  have  seen, 
are  taken  off  the  field  in  a  crop  of  hay. 

Such  a  calculation  as  this  affords  at  the  best  but  a  very 
rude  approximation  to  the  truth — it  seems,  however,  to  jus* 
tify  us  in  concluding  that  plants  can  derive  from  the  air, 
and  in  an  uncombined  state,  only  a  small  portion  of  the  ni- 
trogen they  are  found  to  contain-^and  that  they  probably 
draw  a  larger  supply  from  certain  compounds  of  this  ele* 
mentary  substance  with  hydrogen  and  oxygen-*-which  are 
known  to  come  within  the  reach  of  their  roots  and  leaves. 

The  most  important  of  these  compounds,  and  those  per- 
haps the  most  extensively  concerned  in  influencing  vegeta* 
tion,  are  ammonia  and  nitric  acid,  the  properties  of  which 
have  been  described  in  the  preceding  lecture.! 

§  7.  Absorption  of  Ammonia  hy  plants. 

That  ammonia  enters  directly  into  the  circulation  of 
plants  is  rendered  probable  by  a  variety  of  considerations'. 

lo.  Thus  it  is  found  to  be  actually  present  in  the  juices 
of  many  plants.     In  that  of  the  beet-root,  and  in  those  of 

*  The  result  of  experimeiiu  made  in  1834  by  Prof.  PbflHpfi  and  Mr.  Ed- 
ward Gray.  The  mean  aanual  fall  of  raio  at  York  w  about  22  inches.— See 
fifth  Report  Qf  the  British  Association,  p.  173. 

t  It  will  be  recollected  that  ammonia  consists  of  one  equivalent  of  nitrogOQ 
(N)  united  to  three  of  hydrogen  (H'),  being  represented  by  NH';  and  that 
nitric  acid  consists  of  one  of  nitrogen  (N)  and  five  of  oxygen  (0'')»  its  formi*> 
la  being  NO^.— See  Lecture  III.,  p.  39. 
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the  blTcb  and  maple  trees,  it  is  associated  with  cane  sugar  - 
(Liebig.)     In  the  leaves  of  the  tobacco  plant,  and  of  searvy 
grass,  in  elder  flowers,  and  in  many  fungi,*  it  is  in  combi* 
nation  with  acid  substances,  and  may  be  detected  by  mixing 
their  juices  with  quicklime. 

go.  Some  plants  actually  perspire  ammonia.  Among 
these  is  the  Ckenopadium  Olidum  (stinking  goosefoot),  which 
is  described  by  Sir  William  Hooker  as  *'  grring  ont  a  most 
detestable  odour,  compared  to  pntrid  salt  fish/'  In  the 
odoriferous  matter  given  off  ammonia  is  contained,  and  may 
be  detected  by  putting  a  glass  shade  over  the  plant,  and  a^ 
ter  a  time  introducing  a  feather  moistened  with  vinegar  or 
dilute  muriatic  acid.t  It  is  also  present  in  the  odoriferous 
exhalations  of  many  sweet  smelling  plants  and  flowers.f 

30.  Nearly  all  vegetable  substances,  when  distilled  with 
water,  yield  an  appreciable  quantity  of  ammonia.  Thus 
the  leaves  of  hyssop,  and  the  flowers  of  the  lime  tree,  yield 
distilled  waters  in  which  ammonia  can  be  detected  (Schitb- 
ler),  the  seeds  of  plants  thus  distilled  yield  it  in  abundance 
(Gay  Lussac),  and  traces  of  it  may  be  found  in  most  vege- 
table extracts  (Liebig). 

40.  Ammonia  is  also  given  ofl*,  among  other  products* 
when  wood  is  distilled  in  iron  retorts  for  the  manufactnre  of 
pyroligneous  acid,  and  by  a  similar  treatment  it  may  be  ob- 
tained from  many  other  vegetable  substances. 

The  above  facts,  however,  are  not  to  be  considered  ea 
prooft  that  ammonia  enters  directly  into  the  circulation  of 
plants  either  by  their  roots  or  by  their  leaves.  That  which 
IS  associated  with  sugar  in  the  beet,  may  have  been  formed 
by  the  same  converting  power  which,  in  the  interior  of  the 
plant,  has  produced  the  sugar  from  carbonic  acid  and  water. 
So,  that  exhaled  by  the  leaves  of  the  goosefoot,  wbi<^ 
grows  in  waste  places,  especially  near  the  sea,  may  have 
been  produced  during  the  upward  flow  of  the  sap  or  duringr 
its  passage  over  the  leaf.  And  we  know  that  the  nitrogen 
does  not  exist  in  the  state  of  ammonia  in  the  seeds  of  plants, 

*  Schubler  AgricuUur  Ckemie,  II.,  pw  56. 
t  Chevallier  Jour,  de  Pharm,  X.,  p.  100, 
t  SchuUer,  I.,  p.  152. 
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or  in  wood,  or  in  coal — ^though,  from  all  of  tbera  it  may  be 
obtained  by  tbe  processes  aboTe  described. 

The  production  of  ammonia,  by  the  agency  of  a  high 
temperature,  may  be  illustrated  by  a  ^ery  familiar  experi- 
ment often  performed,  though  for  a  very  different  purpose. 
The  juice  and  dried  leaf  of  tobacco  contain  nitre  (nitrate  of 
potash)  and  a  little  ammonia.  But  when  tobacco  is  burned, 
ammonia  in  sensible  quantity  is  given  off  along  with  the 
smoke,  chiefly  in  the  state  of  carbonate  of  ammonia.  This 
may  be  shown  by  bringing  a  lighted  cigar  near  to  reddened 
litmus  paper,  when  the  blue  colour  will  be  restored ;  or  to  b 
red  rose,  when  the  leaves  will  become  green ;  or  to  a  rod 
dipped  in  vinegar  or  in  dilute  muriatic  acid,  when  a  white 
cloud  will  appear.* 

In  this  case  a  portion  of  the  ammonia  given  off  by  tbe  to- 
bacco has  most  probably  been  formed  during  the  combustion, 
at  the  expense  of  the  nitrogen  contained  in  the  nitrate  of 
potash  which  is  present  in  the  leaf. 

5^.  But  there  are  other  circumstances  which  are  strongly 
in  favour  of  the  opinion,  that  ammonia  not  unfrequently 
does  enter,  as  such,  into  the  circulation  of  plants. 

Thus  it  is  proved,  by  long  experience,  that  plants  grow 
most  rapidly  and  most  luxuriantly  when  supplied  with  ma- 
nure containing  substances  of  animal  origin.  These  sub- 
stances are  usually  applied  to  the  roots  or  leaves  in  a  statid 
of  fermentation  or  decay,  during  which  they  always  evolve 
ammonia.  Putrid  urine  and  night-soil  are  rich  in  ammonia, 
and  they  are  among  the  most  efficacious  of  manures.  This 
ammonia  is  suppaaed  to  enter  into  the  circulation  of  plants 
along  with  the  water  absorbed  by  their  roots,  and  sometimes 
even  by  the  pores  of  their  leaves.  We  can  scarcely  be  said 
to  have  as  yet  obtained  decisive  proof  that  it  does  so  enter, 
but  probabilities  are  strongly  in  favour  of  this  supposition  ; 
and  when  we  come  hereafter  to  consider  minutely  the  mode 
in  which  it  is  likely  to  act,  when  within  the  plant,  we  shall 
find  the  probabilities  derived  from  practical  experience  to  be 
strengthened  by  the  deductions  of  theory. 

But  though  the  facts  so  long  observed  in  reference  to  the 

*  Runge,  Einleiiung  in  die  Uchnische  Chemie,  p.  875. 
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action  of  animal  manures  upon  vegetation  justify  us  inbe- 
lieying  that  ammonia  actually  enters  into  the  roots,  and  per- 
liaps  into  the  leaves,  of  plants-^we  ought  not  hastily  to  con- 
clude that  all  the  nitrogen  which  plants  are  capable  of  de- 
riving from  decaying  animal  matter  miu^  enter  into  their  cir- 
culation in  the  form  of  ammonia.     Other  soluble  compounds 
containing  nitrogen  are  formed  during  the  decay  of  animal 
•ubstances-^they  actually  exist  largely  in  the  liquid  manures 
of  the  stable  and  fold-yard,  and  they   can  scarcely  fail, 
when  applied  to  the  soil,  to  be  to  a  certain  extent  absorbed 
by  the  roots  of  plants.     This  urea  is  a  substance  containing 
much  nitrogen,  which  exists  in  the  urine  or  excrements  of 
most  animals,  and  by  its  decomposition  produces  carbonate 
of  ammonia.    But  being  very  soluble,  this  substance  may 
onter  directly  into  the  roots,  and  may  be  there  decomposed, 
and  made  to  give  up  its  nitrogen  to  the  living  plant.     To 
Other  compound  substances  of  animal  origin  the  same  ob- 
servation may  apply,*— 40  that  while  the  fact,  that  animal 
manure  in  a  state  of  fermentation  is  very  beneficial  to  vege- 
tation, may  be  considered  as  rendering  it  highly  probable 
that  the  ammonia  which  such  manure  contains,  enters  di- 
rectly and  supplies  much  nitrogen  to  the  growing  plants, 
.it  must  not  be  entirely  left  out  of  view  that,  in  nature,  a 
portion  of  the  nitrogen,  derived  from  animal  substances, 
may  be  obtained  immediately  from  other  compounds  in 
which  ammonia  does  not  exist. 

To  what  amount  ammonia  actually  enters  into  the  circa- 
lation  of  plants,  or  how  much  of  the  nitrogen  they  contain 
it  actually  supplies,  we  have  no  means  of  ascertaining. 
Were  it  abundantly  present  in  the  soil,  its  great  solubilitj 
would  enable  it  to  enter,  with  the  water  absorbed  by  the 
roots,  in  almost  unlimited  quantity.    In  a  subsequent  sec- 

*  Thus  it  may  be  applied  more  ftrongly  to  the  hippurie  acid,  which  ex- 
ists in  the  urine  of  the  horse,  and  other  herbivorous  animals.  This  acid 
decomposes  naturally  into  benzoic  acid  and  ammonia.  The  tweet-soented 
▼anal-grass  {AnihoxaiUhum  Odoratum)  by  which  hay  is  perfumed*  owes 
its  agreeable  odour  to  the  presence  of  this  benzoic  tteid.  It  may,  therefi»re, 
be  supposed  that,  where  cattle  and  horses  grace,  the  grasses  actually  abeorb 
the  hippurie  acid  contained  in  the  urine,  which  roaches  their  roou,  decocB- 
pose  it  as  it  ascends  with  the  sap,  appropriate  its  nitrogen,  and  exhale  the 
odoriferous  bensoic  add. 
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tion  we  shall  consider  the  conditions  under  which  ammoDia 
is  produced  in  nature,  the  comparative  abundance  in  which 
il  exists  on  the  earth's  surface,  and  the  extent  of  the  in- 
fluence it  may  be  supposed  to  exercise  on  the  general  rege- 
tatton  of  the  globe. 

§  8.  AisorpHam  ^nUric  add  by  plitnU. 

1°.  That  ammonia  is  actually  present  in  the  juices  of 
many  living  vegetables  has  been  adduced,  as  a  kind  of  pre- 
sumptive evidence,  that  this  compound  is  directly  absorl^ed 
by  plants.  A  similar  presumption  is  offered  in  favour  of 
the  direct  entrance  of  nitric  acid,  by  its  invariable  presence 
in  combination  with  potash,  soda,  lime,  or  magnesia,  in  the 
juices  of  certain  common  and  well  known  plants.  Thus  it 
is  said  to  be  always  contained  in  the  juices  of  the  tobacco 
plant,  of  the  sunflower,  of  the  ffoosefoot,*  and  of  common 
borage.  The  nettle  is  also  said  to  contain  it,  and  it  has 
been  detected  in  the  grain  of  barley  .t  It  exists  probably  in 
the  juices  of  many  other  plants  in  which  it  has  not  hitherto 
been  sought  for.  Were  we>  therefore,  entitled,  from  the 
mere  presence  of  this  acid  in  plants,  to  infer  that  it  had 
really  entered  by  their  roots  or  leaves,  we  should  have  no 
hesitation  in  drawing  our  conclusion.  But,  like  ammonia, 
it  may  have  been  formed  in  the  interior  of  the  living  vege- 
table ;}  and  hence  the  fact  of  its  presence  proves  nothing  in 
regard  to  the  state  in  which  the  nitrogen  it  contains  entered 
into  the  circulation  of  the  plant. 

S^).  But  nitric  acid,  like  ammonia,  exerts  a  powerful  in- 
fluence  on  the  growing  crop,  whether  of  corn  or  of  grass. 
Animal  matters,  as  we  have  seen,  give  off  ammonia  during 
their  decay,  and  manures  are  rich  and  efficacious  in  pro- 
portion to  the  quantity  of  animal  manure  they  dontain. 


*  Ckeuopodium,  probably  ta  all  the  speciei  of  this  genus.-^Ss^^  liiel^t 
p.  82. 

t  GrisenthwBite  {Nenf  Theory  of  Agriculture,  p.  105)  lajraif  is  aluriiy* 
present  in  barley  in  the  (brm  of  nitrate  of  «oda. — See  Appendix, 

t  When  the  beet-root  arrives  at  matan'ty,  the  tugar  begins  to  diipiins]i« 
and  saltpetre  or  other  nitrates  to  beformedt  probably  at  the  expanse  of  tba 
ammonia  which  the  juice  previously  containecl.'— L>ecroixelIes,  Jouf,  4t 
JPhar.f  X^  p.  4S. 
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12    "t 
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The  crop  produced  also  is  valuable  and  rich  in  nitrogen  in 
like  proportion.  Therefore,  aa  already  stated,  it  is  inferred 
that  ammonia  enters  directly  into  the  living  plant,  and  sup- 
plies it  with  nitrogen. 

The  effect  of  nitric  acid  is  similar  in  kind,  and  perhaps 
equal  in  degree.  Applied  to  the  young  grass  or  sprouting 
shoots  of  ffrain,  it  hastens  and  increases  their  growth,  it  oc- 
casions a  larger  produce  of  grain,  and  this  grain*  as  when 
ammonia  is  employed,  is  richer  in  gluten^  and  more  nutri- 
tious in  its  quality.*  An  equal  breadth  of  the  same  field 
yields  a  heavier  produce,  and  that  produce,  weic^ht  for 
weight,  contains  more  when  saltpetre  or  nitrate  of  soda  have 
been  applied  in  certain  quantities  to  the  young  plants  which 
grow  upon  it.  It  is  reasonable  to  conclude,  therefore,  that 
the  acid  of  the  nitrates,  in  some  form  or  other,  is  capable  of 
entering  into  the  circulation  of  living  plants— and  so  yield- 
ing to  tnem^  in  whole  or  in  part,  the  nitrogen  they  contain. 

*  TheaiialogioasefrecU  ofammoniacal  manures  and  of  the  nitratei  on  the 
lelatiye  qnantitiet  of  ghUen  and  starch  in  grain,  are  shown  by  the  foUowinf 
experimeota } 

Hermbstaedt  sowed  equal  auantiiies  of  tb^  same  wheat,  on  equal  plots  of 
the  same  ground,  and  manured  them  with  eanal  weights  of  different  manorea. 
Then  from  lOO  parts  of  each  sample  of  gram  produced,  he  obtained  staurh 
ind  gluten  in  thie  following  proportions » 

Qlntaa. 
Without  manure    .        .        .9*2 
With  vegetable  manure  (rotted 

potato  haatro)    .  •      9'6 

With  cow  dung  .  .  .  12*0 
With  pigeons' dung  ,  .  12*2 
With  horse  dung   •  .     13  7 

With  goats' dung  .  .  .  32*9 
With  sheep  dung    .        .        .    32*9 

With  dried  night-soil  .    3314  41-44  14    "  , 

With  dried  ox-Uood       .        .    32.24 
With  dried  humane  urine  35.1 

The  manures  employed  by  Hermbstaedt  are  tufptned  during  fennente- 
tion,  to  evolve  more  ammonlft  in  the  order  in  which  they  are  here  placed, 
beginning  at  the  top  of  the  list;  while  the  amount  and  kind  of  the  produoe 
obtained  by  the  use  of  each,  aSbrd  the  chief  evidence  <n  favour  of  the 
opinion  that  this  ammonia  actually  enters  into  and  yields  nitrogen  to  the 
plant. 
Mr.  Uyett  found  in  flour  raised  on  two  patches  of  the  fame  land  ia 

[tSehabler.  Chmm4$aUz$  dir  AgricuUur  CUwde,  XL  p.  170.] 


IT  TIBLD8  NITROOBN  TO  PLANTS.  103 

But  here,  again,  as  in  the  case  of  ammonia,  we  are  at 
fault  in  regard  to  the  quantity  of  their  nitrogen  which  plants 
in  a  state  of  nature  actually  derive  from  nitric  acid  or  the 
nitrates.     The  compounds  of  this  acid  with  potash,  soda, 
lime,  and  magnesia,  (the  nitrates  of  these  substances),  are 
all  very  soluble  in  water.      The  quantity  of  this  fluid, 
therefore,  which  enters  by  the  roots  of  plants,  could  easily 
convey  into  their  circulation  far  more  or  these  nitrates  than 
would  be  alone  sufficient  to  supply  the  whole  of  the  nitro- 
gen   they   require— for  the  formation  of  all  their  parts 
and  products.    But  so  it  might  of  ammonia  or  its  salts,  as 
has  already  been  shown.    1  shall  hereafter  lay  before  you 
certain  considerations  which  may  probably  lead  us  to  ap« 
proximate  conclusions  in  regard  to  the  relative  influence 
exercised  by  these  two  compounds  on  the  general  vegeta- 
tion of  the  globe.  ' 


Cb9icZtfn0ii5.«— Respecting  the  form  in  which  nitrogen 
enters  into  the  circulation  of  plants,  we  have,  thereforoi  I 
think,  fairly  arrived  at  these  deductions : 

!<'•  That  the  nitrogen  of  the  atmosphere  may,  to  a  small 
extent,  enter  directly  into  the  living  vegetable  either  in  the 
form  of  gas  or  in  solution  in  water,  but  that  supposing  ni- 

Oloacastershire,  tbe  one  dressed  wHk  nitrate  of  soda,  the  other  undressed, 

the  followiog  proportioDS} 

Glvtso.  Stareh. 

In  the  nitrated      ......    23*25  49*5 

In  the  tini»ftrated  .        .,  .19*  55 '5 

And    Dr.    Daubeny,  in  floor  from   wheat  top-dressed  with   saltpetre, 

fiwind— 

In  the  nitrated         ....  15  per  oeoi.  of  glnteo. 

In  the  nnnilrated     .        ^        .        ^         la       «  a        * 

These  di^te»ces  are  not  so  striking  as  in  the  case  of  ammonia,  bnt  they 
are  precisely  Uks  9ame  in  kind,  and  lea^  to  the  same  general  conotusion  in  re- 
card  to  the  natare  of  the  infiiMhce  of  the  nitrates  on  vegetation.  Accurate 
and  repeated  experiments  oa  the  precise  effects  of  the  nitrates  are  still  much 
to  be  desired. 

[*  Three  Leduree  an  AgrieuUuge,  p.  76.] 
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trogen  to  be  in  this  way  appropriated*  by  the  plant,  the 
quantity  so  taken  up  could  form  only  a  amall  quantity  of 
tbat  which  yegetables  actually  contain. 

2^.  That  ammonia  is  capable  of  entering  into  plants  in 
very  large  quantity,  and  of  yielding  nitrogen  to  them,  and 
that  in  European  agriculture,  which  employs  fermenting 
animal  manure  as  an  important  means  of  promoting  Yegeta- 
ble  growth,  it  does  appear  to  yield  to  cultivated  plants  a 
considerable  portion  of  the  nitrogen  they  contain. 

3^,  That  nitric  acid,  io  like  manner,  is  capable  of  enter- 
ing into  and  giving  up  its  nitrogen  to  plants;  and  that 
where  this  acid  is  employed  as  an  instrument  of  culture,  the 
crops  obtained  owe  part  of  their  nitrogen  to  the  quantity  of 
this  compound  which  has  been  applied  to  the  growing  plants. 
The  same  inference  may  fairly  be  drawn  in  regard  to  the 
effect  of  nitric  acid — when  in  the  form  of  nitrates,  it  exists 
or  is  produced  naturally  in  the  soil. 

4^.  That  other  compound  bodies,  such  as  are  contained 
in  urine,  or  are  produced  during  the  decay  of  animal  matter, 
may  also  enter  into  the  circulation  of  plants,  and  yield  ni- 
troffen  to  promote  their  growth. 

On  the  whole,  however,  there  seem  strong  reasons  for 
believing  that  plants  are  mainly  dependent  on  ammonia 
and  nitric  acid  for  the  nitrogen  they  contain ;  and  that  tbey 
obtain  it  most  readily,  and  with  least  labour,  so  to  speak, 
from  these  compounds, — though  nature  has  kindly  fitted 
them  for  deriving  a  stinted  supply  from  other  sources,  when 
these  substances  are  not  present  in  sufficient  abundance* 

How  far  each  of  these  compounds  is  employed  by  nature, 
as  an  instru^ment  in  promoting  the  general  vegetation  of  the 
globe,  will  be  considered  in  a  subsequent  lecture. 

*  LieUg  and  othen  saj  that  plants  are  ineapabU  of  appropriating-  or  a»- 
similating  the  nitrogen  which  enters  into  the  circulation  in  thesimpto  aiaiA, 
(Liebig,.  p.  70).     We  shiUl  coasider  this  question  hereafter. 


LECTURE  V. 

How  does  the  food  enter  into  iHe  circulation  o(  plents — ^Stnictuie  of  the 
•even]  partf  of  plants — Functions  of  the  rooc-^Course  of  the  sa|^~ 
Cause  of  its  ascent — Functions  of  the  stem— of  the  leaves — and  of  the 
bark— Circumstances  by  which  the  exercise  of  these  functions  is 
modified. 

Having  now  taken  a  general  view  of  the  source  from 
wbich  plants  derive  the  elementary  substances  of  which 
their  solid  parts  consist,  and  of  the  states  of  combination  in 
which  these  elements  enter  into  the  vegetable  circulation,—- 
the  next  step  in  our  inquirj  is — how  are  these  substances 
admitted  into  the  interior  of  living  plants — and  under  what 
conditions  or  regulations  t  We  are  thus  led  to  study  the 
structure  and  functions  of  the  several  parts  of  plants,  and 
the  circumstances  by  which  the  exercise  of  these  functions 
is  observed  to  be  modified. 

§  1.  General  tiructure  qfplaniSt  and  of  their  several  parte. 

Plants  consist  essentially  of  three  parts — the  roots,  the 
stem,  and  the  leaves.  The  former  spread  themselves  in  va- 
rious directions  through  the  soil,  as  the  latter  do  through 
the  air,  and  the  stem  is  dependent  for  its  food  and  increase 
on  the  rapidity  with  which  the  roots  shoot  out  and  extend, 
and  on  the  number  and  luxuriance  of  the  leaves. 

We  shall  obtain  a  clearer  idea  of  the  relative  structure  of 
these  several  parts  by  first  directing  our  attention  to  that  of 
the  stem. 

The  stem  consists  aprarentl  v  of  four  parts — the  pith,  the 
wood,  the  bark,  and  the  medullary  rays.  The  pith  and  the 
medullary  rays,  however,  are  similarly  constituted,  and  are 
only  prolongations  of  one  and  the  same  substance.  The 
pith  forms  a  solid  cylinder  of  soft  and  spongy  matter,  which 
ascends  through  the  central  part  of  the  stem,  and  varies  in 
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thickness  with  the  species  and  with  the  age  of  the  trunk  or 
branch.    The  wood  surrounds  the  pith  in  the  form  of  a  hoi* 
low  cylinder,  and  is  itself  covered  by  another  hollow  cylin- 
der of  bark.     In  trees  or  branches  of  considerable  age  the 
wood  consists  of  two  parts,  the  oldest  or  heart  wood,  often  of 
a  brownish  colour,  and  the  newer  external  wood  or  o/^micm, 
which  is  generally  sofler  and  less  dense  than  the  heart  wood. 
The  hark  also  is  easily  separated  into  two  portions,  the  inner 
bark  or  liber,  and  the  epidermis  or  outer  covering  of  the  tree. 
The  pith  and  the  bark  are  connected  together  by  thin  verti- 
cal columns  or  partitions,  which  intersect  the  wood  and  di- 
vide it  into  triangular  segments.     A  cross  section  of  the 
trunk  or  branch  of  a  tree  exhibits  these  thin  columns  ex- 
tending in  the  form  of  rays,  or  like  the  spokes  of  a  wheel, 
from  the  centre  to  the  circumference.     Though  they  form 
in  reality  thin  and  continuous  vertical  plates,  yet  from  the 
appearance  they  present  in  the  cix>ss  section  of  a  piece  of 
wood,  they  are  distingubhed  by  the  name  of  medullary 
rays. 

These  several  parts  of  the  stem  are  composed  of  bundles 
of  small  tubes  or  hollow  cylindrical  vessels  of  various  sizes, 
and  of  different  kinds,  the  structure  of  which  it  is  unneces- 
sarv  for  us  to  study.  They  are  all  intended  to  contain  liquid 
and  gaseous  substances,  and  to  convey  them  in  a  vertical, 
and  sometimes  in  a  horizontal,  direction.  The  tubes  which 
compose  the  wood  and  bark  are  arranged  vertically,  as  may 
readily  be  seen  on  examining  a  piece  of  wood  even  with  the 
naked  eye,  and  are  intendecL  to  convey  the  sap  upwards  to 
the  leaves  and  downwards  to  the  roots.  Those  of  which 
the  pith  and  medullary  plates  consist  are  arranged  horizoo- 
tally,  and  appear  to  be  intended  to  maintain  a  lateral  inter- 
course between  the  pith  and  the  bark — perhaps  even  to  place 
the  heart  of  the  tree  within  the  influence  of  the  exteraal  air. 

The  root,  though  prior  in  its  origin  to  the  stem,  may  ne- 
Yertheless  for  the  purpose  of  illustration  be  considered  as  its 
downward  and  lateral  prolongation  into  the  earth— as  the 
branches  are  its  upward  prolongation  into  the  air.*     When 

*  The    correctness  of  this  comperitoD   is   prored  bj  the  fiut   tbat,  in 
niao/  trees,  tbe  breach  if  pleated  will  becooie  e  root,  end  tbe  root  if  ex- 
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they  leave  the  lower  part  of  the  trunk  of  the  tree,  they  dif- 
fer little  in  their  internal  stacture  from  the  stem  itaeljf.  As 
they  taper  off,  however,  first  the  heart  wood,  then  the  pith, 
gradually  disappear,  till,  towards  their  extremities,  they 
consist  only  of  a  soft  central  woody  part  and  its  covering  of 
soft  bark.  These  are  connected  with,  or  are  respectively 
prolongations  of,  the  new  wood  and  bark  of  the  trunk  and 
branches.  At  the  extreme  points  of  the  roots  the  bark  be* 
comes  white,  soil,  spongy,  and  fall  of  pores  and  vessels.  It 
is  by  these  spungy  extremities  only,  or  chiefly,  that  liquid 
and  gaseous  substances  are  capable  either  of  entering  into, 
or  of  making  their  escape  from,  the  interior  of  the  root. 

The  branches  and  twigs  are  extensions  of  the  trunk ; 
and  of  the  former,  the  leaves  may  be  considered  as  a  still 
further  extension.  The  fibres  of  the  leaf  are  minute  ramifi* 
cations  of  the  woody  matter  of  the  twigs,  are  connected 
through  them  with  the  wood  of  the  branches  and  stems,  and 
from  this  wood  receive  the  sap  which  they  contain.  The 
green  part  of  the  leaf  may  be  considered  as  a  special  expan- 
sion of  the  bark,  by  which  it  is  fitted  to  act  upon  the  air,  in 
%he  same  way  as  the  spongy  mass  into  which  the  bark  is 
changed  at  the  extremity  of  the  root,  is  fitted  to  act  upon 
the  water  and  other  suhistances  it  meets  with  in  the  soil. 
For  as  the  fibres  of  the  leaf  are  connected  with  the  wood  of 
the  stem,  so  the  green  part  of  the  leaf  is  connected  with  its 
bark,  and  from  this  green  part  the  sap  first  begins  to  de- 
scend towards  the  root. 

poned  to  the  sir,  will  gradimlly  be  tranAfonned  into  a  brancb.  The  b•^ 
nana  in  the  foreat,  aod  the  carraDt  tree  in  our  gardenti  are  ^miliar  in* 
stances  of  trres  spontaneously  planting  their  branches,  and  causing  theitt 
to  perform  the  functions  of  roots.  In  like  manner,  "  if  the  stem  of  a  young 
plum  or  cherry-tree,  or  of  a  willow,  be  bent  in  the  autumn  so  tbatooe-half 
of  the  top  can  belaid  in  the  earth  and  one-half  of  the  root  be  at  the  saoM 
time  taken  carefully  up — sheltered  at  first  and  afterwards  gradually  exposed 
to  the  cold-— and  if  the  following  year  the  remaining  part  of  the  top  and 
root  be  treated  in  the  same  way,  the  branches  of  the  top  will  become  roots, 
and  the  ramifications  of  the  roots  will  become  branches,  producing  leavee, 
Eowers,  and  fruit  in  due  season.*  The  tree  is  thus  reversed  in  positioD,  and 
the  roots  and  branches  being  thus  mutually  convertible  camrat  be  materially 
wnHkeia  geeeml  struetnre. 

[*  lioodon's  Eneyclopmdia  of  Agrihdhire.] 
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§  2.  Thtjunceian^^iheroot* 

The  posilion  in  which  the  roots  of  plants  in  their  nataral 
state  are  generally  placed,  has  hitherto  prevented  their 
functions  from  being  so  accurately  investigated  as  those  of 
the  leaves  and  of  the  stem.  While,  therefore,  the  main 
purposes  they  are  intended  to  serve  are  universally  known 
and  understood,  the  precise  way  in  which  these  ends  are 
accomplished  by  the  roots,  and  the  powers  with  which  they 
are  invested,  are  still  to  a  considerable  degree  matters  of 
dispute* 

-  i.  It  appears  certain  that  they  are  possessed  of  the  power 
of  absorbing  water  in  large  quantity  from  the  soil,  and  of 
transmitting  it  upwards  to  the  stem.  The  amount  of  wa- 
ter thus  absorbed  depends  greatly  upon  the  nature  of  the 
soil  and  of  the  climate  in  which  a  plant  grows,  but  much 
also  upon  the  specific  structure  of  its  leaves  and  the  extent 
of  its  foliage. 

II.  The  analogy  of  the  leaves  and  young  twigs  would 
lead  us  to  suppose  that,  when  in  a  proper  state  of  moisture,^ 
the  roots  should  also  be  capable  of  absorbing  gaseous  sub- 
stances from  the  air  which  pervades  the  soil.     Experiment, 
however,  has  not  yet  shown  this  to  be  the  case. 

We  know,  however,  that  they  are  capable  of  absorbing 
gases  through  the  medium  of  water.  For  if  the  roots  of  a 
plant  are  placed  in  water  containing  carbonic  acid  in  the 
state  of  solution,  this  gas  is  fouud  gradually  to  disappear. 
It  is  extracted  from  the  water  by  the  roots.  And  if  the 
water  in  which  the  roots  are  immersed  be  contained  in  a 
bottle  only  partially  filled  with  the  liquid,  while  the  remain- 
der is  occupied  by  atmospheric  air,  the  oxygen  in  this  air 
will  also  slowly  diminish.  It  will  be  absorbed  by  the  roots 
through  the  medium  of  the  water.* 

Again,  if  in  the  place  of  the  atmospheric  air  in  this  bottle, 

*  It  will  be  recollected  that  water  absorbs  about  4  per  cent,  of  its  bulk 
of  air  from  the  atmosphere,  of  which  about  otie-tfaird  is  oxygen.  If  the 
roots  extract  this  oxygen  from  the  water,  the  latter  will  asain  drink  id  a 
firetih  portion  from  the  Qtmospheric  air  which  floats  above  it. 
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carbonic  acid  be  substituted,  the  plant  will  droop  and  in  a 
few  days  will  die.  The  same  will  take  place,  if  instead  of 
common  air  or  carbonic  acid,  nitrogen  or  hydrogen  gases  be 
introduced  into  the  bottle.  The  plant  will  not  live  when  its 
roots  are  exposed  to  the  sole  action  of  any  of  the  three. 

It  is  obviuuSy  therefore,  that  the  roots  of  plants  absorb 
gaseous  substances  from  the  air  which  surrounds  their  roots, 
at  least  indirectly  and  through  the  medium  of  water.  It 
appears  also  that  from  this  air  they  have  the  power  of  «e- 
leciing  a  certain  portion  of  oxygen  when  this  gas  is  present 
in  it.  Thirdly,  that  though  they  csn  absorb  carbonic  acid 
to  a  limited  amount  without  injury  to  the  plant,  yet  that  a 
copious  supply  of  this  gas,  unmixed  with  oxygen,  is  fatal  to 
vegetable  life.  This  deduction  is  confirmed  by  the  fact 
that,  in  localities  where  carbonic  acid  ascends  through  fis- 
sures in  the  subjacent  rocks  and  saturates  the  soil,  the 
growth  of  grass  is  found  to  be  very  much  retarded.  And, 
lastly,  since  nitrogen  is  believed  not  to  be  in  itself  noxious 
to  vegetable  life,  the  death  of  the  plant  in  water  surrounded 
by  this  gas,  is  supposed  to  imply  that  the  presence  of  oxy- 
gen is  necessary  about  the  roots  of  a  growing  and  healthy 

^plant,  and  that  one  of  the  special  functions  of  the  roots  is 

^constantly  to  absorb  this  oxygen. 

This  supposition  is  in  accordance  with  the  fact  that,  in 
the  dark,  the  leaves  of  plants  absorb  oxygen  from  the  at* 
mosphere  ;  for  we  have  already  seen  reason  to  expect  that, 
from  their  analogous  structure,  the  roots  and  leaves  in  simi- 
hir  circumstances  should  perform  also  analogous  functions. 
At  the  same  time,  if  the  roots  do  require  the  access  and  pre- 
sence of  oxygen  in  the  soil,  it  would  further  appear  that 
those  of  some  plants  require  it  more  than  those  of  others ; 
inasmuch  as  some  genera,  like  the  grasses,  love  an  open  and 
friable  soil,  into  which  the  air  gains  easy  admission  ;  while 
other  genera,  lik^  the  clovers,  prefer  a  denser,  stifier  surface^ 
by  which  the  air  is  more  completely  excluded.* 

III.  We  have  in  a  former  lecture  (IV.  p.  88)  concluded 
from  facts  there  stated,  that  solid  substances,  which  are  solu- 
ble in  water,  accompany  this  liquid  when  it  enters  into  the 

*  Sprengel,  Chemie,  II.,  p.  337. 
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circulation  of  the  plant.  This  appears  to  be  true  both  of 
organic  and  inorganic  substances.  Potash,  sods,  lime,  and 
magnesia  thus  find  their  way  into  the  interior  of  plants^  as 
well  as  those  substances  of  animal  and  vegetable  origin  to 
which  the  obseiTations  made  in  the  fourth  lecture  were  in- 
tended more  especially  to  apply.  Even  iilieat*  considered 
to  be  almost  insoluble  in  water,  enters  by  the  roots,  and. is 
found  in  some  cases  iu  considerable  quantities  in  the  stem. 
Some  persons  have  hence  been  led  to  conclude  that  9olid 
substances,  undissolved,  if  in  a  minute  stale  of  division,  may 
be  drawn  into  the  pores  of  the  root  and  may  then  be  car* 
ried  by  the  sap  upwards  to  the  stem. 

Considered  as  a  mere  question  of  vegetable  mechanics, 
argued  as  such  among  pfaysiologuts,  it  is  of  little  moment 
whether  we  adopt  or  reject  this  opinion.     One  physiologist 
may  state  that  the  pores  by  which  the  food  enters  into  the 
roots  are  so  minute  as  to  baffle  the  powers  of  the  best  con- 
structed microscope,  and,  therefore,  that  to  no  particles  of 
solid  matter  can  they  by  possibility  give  admission-— while 
another  may  believe  solid  matter  to  be  capable  of  a  me- 
chanical division  so  minute  as  to  pass  through  the  pores  of 
the  finest  membranes.    As  to  the  mere  fact  itself  it  matters  ^ 
not  which  is  right,  or  which  of  the  two  we  follow.     The  ^ 
adoption  of  the  latter  opinion  implies  in  itself  merely  that 
foreigii  substances,  unnecessary,  perhaps  injurious  to  vege- 
table life,  may  be  carried  forward  by  the  flowing  juices 
until  in  some  still  part  of  the  current,  or  in  some  narrower 
Teasel,  they  are  arrested  and  there  permanently  lodged  in 
the  solid  substance  of  the  plant 

By  inference,  however,  the  adoption  of  this  opinion  im- 
plies also,  that  the  inorganic  substances  found  in  plants^ — 
those  which  remain  in  the  form  of  ash  when  the  plant  is 
burned, — are  accidental  only,  not  euential  to  its  consti- 
tution. For  since  they  may  have  been  introduced  in  a 
mere  state  of  minute  mechanical  division  suspended  in  tbe 
sap,  they  ought  to  consist  of  such  substances  chiefly  as  the 

*  Silica  is  the  name  given  by  chemitts  to  tbe  pare  nmttrr  of  §&m% 
or  of  rock  cryttal.  Sand  and  Mndttonci  contUt  almoet  cntirrly  of 
•ilioa. 
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soil  contains  in  the  greatest  abandance»  and  they  ought  to 
vary  in  kind  and  relative  quantity  with  every  variation  io 
the  soil.  In  a  clay  land  the  ash  should  consist  chiefly  of 
alumina,*  in  a  sandy  soil  chiefly  of  silica.  But  if,  as  chemi* 
cal  in(^uiry  appears  to  indicate,  the  nature  of  the  ash  is 
not  acetdental  but  esiential^  and  in  some  degree  constant, 
even  in  very  different  soils,  this  latter  inference  is  inadmis* 
sible ;-— and  in  reasoning  backwards  from  this  fact,  we  find 
ourselves  constrained  to  reject  the  opinion  that  substances 
are  capable  of  entering  into  the  roots  of  plants  in  a  solid 
state — and  this  without  reference  at  all  to  the  mechanical 
question,  as  to  the  relative  size  of  the  pores  of  the  spongy 
roots  or  of  the  particles  into  which  solid  matter  may  bo 
divided. 

IV.  We  are  thus  brought  to  the  consideration  of  the 
alleged  selecting  power  of  the  roots,  which,  if  rightly  at- 
tributed to  them,  roust  be  considered  as  one  of  the  most 
important  functions  of  which  they  are  possessed.  It  is  a 
function,  however,  the  existence  of  which  is  disputed  by 
many  eminent  physioloffists.  But  as  the  adoption  or  re* 
jection  of  it  will  materially  influence  our  reasonings,  as  well 
as  our  theoretical  views,  in  regard  to  some  of  the  most  vital 
processes  of  vegetation,— it  will  be  proper  to  weigh  cart> 
fully  the  evidence  on  which  this  power  is  assigned  to  the 
roots  of  plants. 

l^'.  The  leaves,  as  we  shall  hereafter  see,  possess  in  a 
high  degree  the  power  of  selecting  from  the  atmosphere 
one  or  more  gaseous  substances,  leaving  the  nitrogen, 
chiefly,  unchanged  in  bulk.  The  absorption  of  carbonio 
acid  and  the  diminution  of  the  oxygen  in  the  experiments 
above  described,  appear  to  be  analogous  effects,  and  would 
seem  to  imply  in  the  roots  the  existence  of  a  similar  power. 

2^.  Dr.  Daubeny  found  that  pelargoniums,  barley  {kar* 
deum  vulgare),  and  the  winged  pea  {lotus  tetragtmalohut), 
though  made  te  grow  in  a  soil  containing  much  strontia,t 

*  Alamina  m  the  pure  earth  of  clay. 

t  Watered  with  a  solution  of  nitrate  of  ttrontia.  Strontia  it  aa 
earthy  ■ubttance  retembliof^  lime,  which  it  fiHtod  io  certain  rocka,  aad 
mineral  ▼eioa,  but  which  haa  not  hitherto  been  obMnred  io  the  athet  of 
plaott. 
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appeared  to  absorb  none  of  this  eaftb,  for  none  was  found 
in  the  ash  left  by  the  stem  and  roots  of  the  plant  when 
burned.  In  like  manner  De  Saussure  observea  that  poly- 
gonum persicaria  refused  to  absorb  acetate  of  lime  from  the 
soil,  though  it  freely  took  up  common  salt.* 

30.  Plants  of  different  species*  growing  in  the  saroesoil, 
leave,  when  burned,  an  ash  which  in  every  case  contains 
either  different  substances,  or  the  same  substances  in  unlike 
proportions.  Thus  if  a  bean  and  a  grain  of  wheat  be  grown 
side  by  side,  the  stem  of  the  plant  from  the  latter  seed  will 
be  found  to  contain  silica,  from  the  former  none.t 

4^.  But  the  same  plant  grown  in  soils  unlike  in  character 
and  composition,  contains  always — if  they  are  present  in 
the  soil  at  all — very  nearly  the  same  kind|  of  earthy  mat- 
ters in  nearly  the  same  proportion.  Thus  the  stalks  of 
corn  plants,  of  the  grasses,  of  the  bamboo,  and  of  many 
others,  always  contain  silica,  in  whatever  soil  they  grow, 
or  at  least  are  capable  of  growing  with  any  degree  of  luxu- 
riance. 

With  the  view  of  testing  this  point,  Lampadius  prepared 
five  square  patches  of  ground,  manured  them  with  eqaal 
quantities  of  a  mixture  of  horse  and  cow  dung,  sowed  them 
with  equal  measures  of  the  same  wheat,  and  on  four  of 
these  patches  strewed  respectively  five  pounds  of  finely 
powdered  quartz  (siliceous  sand),  of  chalk,  of  alumina,  and 
of  carbonate  of  magnesia,  and  left  one  undressed.  The 
produce  of  seed  from  each,  in  the  above  order,  weighed  24^, 
S8},  26^,  21^,  and  20  ounces  respectively.  The  grain, 
chaff,  and  straw  from  each  of  the  patches  left  nearly  the 
same  quantity  of  ash«-the  weights  varying  only  from  3-7 
to  4'08  per  cent.,  and  the  roots  and  chaff  being  richest  in 

*  Liudley't  THeorf  0/ HorttetUiure,  p.  IS. 

tit  it  not  111*10117  correct  that  the  boMi  will  absorb  no  uNca,  but  the 
aoantiCy  it  will  take  up  will  be  only  one-thirteeotb  of  that  taken  up  by 
Uie  wbeat  plant— tbe  per  centage  of  silica  in  the  aah  of  bean  »tr«w 
being,  according  to  Sprengel,  only  0*29,  while  in  wheat  straw  it  is  2*87  per 
cent.  Pea  straw  contains  four  times  as  much  as  that  of  the  bean,  or  0'9S6  per 
cent. 

t  For  more  precise  information  on  this  point,  see  the  subsequent  lecturea, 
f*  0»  the  inorganic  eomiUuenU  nffUmU^^ 
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inorganic  matter.  The  relative  proportions  of  silica,  alum* 
ioa,  lime»  and  magnesia,  were  ike  same  in  all,*  Provided^ 
therefore,  the  substances  which  plants  prefer  be  present  in 
the  soil,  the  kind  of  inorganic  matter  they  take  up,  or  of 
ash  they  leave,  is  not  materiaUy  affected  by  the  presence  of 
other  substances,  even  in  somewhat  larger  quantity. 

These  facts  all  point  to  the  same  conclusion,  that  the 
roots  have  the  power  of  selecting  from  the  soil  in  which 
they  grow,  those  substances  which  are  best  fitted  to  pro* 
mote  the  growth  or  to  maintain  the  healthy  condition  ox  th^ 
plants  they  are  destined  to  feed. 

5^.  It  has  been  stated  above  that  the  roots  of  certain 

plants  refuse  to  absorb  nitrate  of  strontia  and  acetate  of 

lime,  though  presented  to  them  in  a  state  of  solution — the 

same  is  true  of  certain  colored  solutions  which  have  been 

found  incapable  of  finding  their  way  into  the  circulation  of 

plants  whose  roots  have  been  immersed  in  them«    On  the 

other  hand,  it  is  a  matter  of  frequent  observation  that  the 

roots  absorb  solutions  containing  substances  which  speedily 

cause  the  death  of  the  plant     Arsenic,  opium,  salts  of  iron, 

of  lead,  and  of  copper,  and  many  other  substances,  are  ca* 

pable  of  being  absorbed  in  quantities.which  prove  injurious 

to  the  living  vegetable— and  on  this  ground  chiefly  many 

physiologists  refuse  to  acknowledge  that  the  roots  of  plants 

are   by  nature  endowed  with  any  definite  and  constant 

power  of  selection  at  alL    But  this  argument  is  of  equal 

ibrce  against  the  possession  of  such  a  power  by  animals  or 

even  by  man  himself;  since,  with  our  more  perfect  discrimi* 

nating  powers,  aided  by  our  reason  too,  we  every  day  swal*' 

low  with  our  food  what  is  more  or  less  injurious^  and  ocoa- 

eionally  even  fatal,. to  humaa  life.t 

On.  the  whole,  therefore,  it  appears,  most  reasonable  to 

*  'bAey^n  JahriMheriekty  1839^  p.  K 

t  I  may  iiere  remark  that  it  iftby  no  nM>aDft  an  extraordinary  power  which 
these  circuavitances  «eem  to  show  the  roots  of  plants  to  possess.     In  the 
presence  of.  oxygen,,  nitrogen,  and  carbonic  acid^  in  equal  quantitiesi,  water 
if^ill  prefer  and  will  select  tho  latter.     From  a  mixture  of  lime  and  magnesia, 
acetic  or  sulphuric  acid,  will  select  and  separate  the  former.     It  is  unrea- 
sonable to  suppose  the  roots  of  plants  —the  organs  of  a  living  being — to  be 
Bwuiowed  with  the  powen  of  discrimioatioa  at  least. as  gnat  as  those  poa* 
ge^aad  by  dead  matter  7 

10* 
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eonclade  that  the  roots  are  ao  constitoted  as  (1<>)  to  be  able 
generally  to  select  from  the  soil,  in  ^eference^  those  sub- 
stances which  are  most  suitable  to  the  nature  of  the  plant — 
(2o)  where  these  are  not  to  be  met  with,  to  admit  certain 
others  in  their  stead* — (3^)  to  refuse  admission  also  to  cer- 
tain substances  likely  to  injure  the  plant,  though  unable  to 
discriminate  and  reject  every  thing  hurtful  or  unbeueficial 
which  may  be  presented  to  them  in  a  state  of  solution. 

The  object  of  nature,  indeed,  seems  to  be  to  guard  tba 
plant  against  the  more  common  and  usual  dangers  only — 
not  against  such  as  rarely  present  themselves  in  the  situa- 
tions in  which  it  is  destined  to  grow,  or  against  substances 
"which  are  unlikely  even  to  demand  admission  into  its  roots. 
How  useless  a  waste  of  skill,  if  I  may  so  speak,  would  it 
have  been  to  endow  the  roots  of  each  plant  with  the  power 
of  distini^uishing  and  rejecting  opium  and  arsenic  and  the 
thousand  other  poisonous  substances  which  the  physiologist 
can  present  to  them,  but  which  in  a  stste  of  nature— on  its 
natural  soil  and  in  its  natural  climate-^the  living  vegetable 
is  never  destined  to  encounter  I 

y.  Another  function  of  the  roots  of  plants,  in  regard  to 
which  physiologists  are  divided  in  opinion  at  the  present 
day,  is  what  is  cslled  their  excretory  potoer, 

1^.  When  barley  or  other  grain  is  caused  to  germinate  in 
pure  chalk,  acetate  of  limet  is  uniformly  found  to  be  mixed 
with  it  after  the  germination  is  somewhat  advanced  (Becque* 
rel  and  Mateucci.)|:  In  this  case  the  acetic  acid  must  have 
been  given  off  (excreted)  by  the  young  roots  during  the  ger- 
mination of  the  seed. 

.  This  fact  may  be  considered  as  the  foundation  of  the  ex- 
cretory theory  as  it  is  called.  This  theory  supported  by  the 
high  authority  of  Decandoile,  and  illustrated  by  the  appa- 

•  This  coDclusion  it  not  itrictly  conuined  id  ibe  pveminet  abo^e  staled, 
but  the  AicUi  from  which  it  is  dmwn  will  be  fully  explained  in  treating  of 
the  inorganic  constituents  ofplants.     It  is  introduced  here  for  the  purpose 
of  giving  a  complete  view  of  what  appears  to  be  tho  true  powers  of  discrimi- 
mtion  possessed  by  the  root. 

t  Acetate  of  lime  is  a  combination  of  acetic  acid  or  vinegar  with  lime  de- 
rived from  the  chalk. 

X  Ahm.  de  Ckim.  ei  d§  PAjrs.  !▼.,  p.  310. 
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rently  coDviDctng  experiments  of  Macaire,*  has  more  re- 
cently been  met  by  counter  experiments  of  Braconnotyt  and 
28  now  in  a  great  measure  rejected  by  many  eminent  ve- 
getable physiologists.  It  may  indeed  be  considered  as  quite 
certain  that  the  application  of  this  theory  by  Decandolle 
and  others  to  the  explanation  of  the  benefits  arising  from  a 
rotation  of  crops,  is  not  confirmed,  or  proved  to  be  correct, 
by  any  experiments  on  the  subject  that  have  hitherto  been 
published^ 

*  Ann.  de  Ciim.  it  da  Fkf$.  KL,  p.  225. 

iTHd,\Kxi\.,n.Q7, 

t  Tbo  di«coraant  results  of  Macaire  and  Braconnot  were  as  follow  : 

1®.  Macaire  observed  that  when  plants  of  ChondriUa  Muralis  were 
gfownio  rain  water  tbey  imparted  to  it  something  of  the  smell  and  taste  of 
opium.  Bracoooot  confirmed  this,  bot  aittiboted  it  to  wounds  in  the  rooli 
which  allowed  the  proper  juce  of  the  plant  to  escape.  He  says  it  is  almost 
impoflsible  to  frre  the  young  roots  from  the  soil  in  which  they  have  grown, 
without  injuring  them  and  causing  the  san  to  exude. 

2**.  Evphoriia  PepiuM  (Petty  Spwge)  imparted  to  the  water  in  which  it 
grew  a  gummi-resinoos  subiitance  of  a  very  acrid  taste.  In  the  hands  of  Br** 
connot  it  yielded  to  the  water  scarcely  any  organic  matter,  and  that  only 
slightly  bitterish. 

3^.  Braconnot  washed  the  soil  in  which  plants  of  Evphorbia  Breoni 
and  A$cUjna$  Incamaiu  were  growing  in  pots,  and  obtained  a  solution  con- 
taining earthly  and  alkaline  salts  with  only  a  trace  of  organic  matter. 

He  also  wa«hcd  the  soil  in  which  the  Poppy  {Papaver  Somnifervm)  had 
been  grown  ten  years  successively.  The  solution  besides  inorganic  earthly 
and  alkaline  salts,  gave  a  considerable  quantity  of  acetic  acid  (in  the  form  of 
acetate  of  lime)  and  a  trace  of  brown  organic  matter.  He  infers  that  these 
several  plants  do  not  excrete  any  organic  matter  in  sufficient  quantity  to  be  in* 
jurious  to  themselves. 

4^.  Macaire  observed  that  when  separate  portions  of  the  roots  of  the  same 
plant  of  MercurialU  Attnua  were  immersed  in  separate  vessels,  the  one  con- 
taining pure  water  and  the  other  a  solution  of  acetatO'of  lead, — the  solution 
of  lead  was  absorbed  by  the  plant— was  to  be  traced  in  every  part  of  it,  and 
afterwards  was  partially  transmitted  to  the  pure  water.  Braconnot  observed 
the  same  resuItH,  hut  he  found  the  entrance  of  the  lead  into  the  second  vessel 
to  be  owing  to  the  ascent  of  the  fluid  up  the  outer  surface  of  the  one  root  and 
down  the  exterior  of  the  other,  and  that,  by  preventing  the  possibility  of  thia 
passage,  no  lead  could  be  detected  among  the  pure  water. 

The  conclusions  of  Macaire,  therefore,  in  favour  of  the  rotation 
theory  of  Decandolle  must  be  considered  as  at  present  inadmis«il>le,  and 
we  shall  hereafter  see  reason  to  coincide,  at  least  to  a  certain  extent,  in 
the  conclusion  of  Braconnot,  "  that  if  these  excretions  (of  organic  mat- 
ter) really  take  place  in  the  natural  state  of  the  plant,  they  are  as  yet  so 
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According  to  Decandolle,  plantd,  like  animals,  bare  the 
power  of  selecting  from  theirfood,  as  it  passes  through  their 
vascular  system,  such  portions  as  are  likely  to  nourish  them, 
and  of  rejecting,  by  their  roots,  when  the  sap  descends,  such 
as  are  unfit  to  contribute  to  their  support,  or  would  be  hurt- 
ful to  them  if  not  rejected  from  their  system.  He  further 
supposes  that,  after  a  time,  the  soil  in  which  a  certain  kind 
of  plant  grows  becomes  so  loaded  with  this  rejected  matter, 
that  the  same  plant  refuses  any  longer  to  flourish  in  it. 
And,  thirdly,  that  though  injurious  to  the  plant  from  which 
it  has  been  derived,  this  rejected  matter  may  be  wholesome 
food  to  plants  of  a  different  order,  and  hence  the  advantage 
to  be  derived  from  a  rotation  of  crops. 

There  seems  no  good  reason  to  doubt  that  the  roots  of 
plants  do  at  times^t  may  be  constantly — reject  organic 
substances  from  their  roots.  The  acetic  acid  given  off  du- 
ring germination,  and  the  same  acid  found  by  Braconnot  in 
remarkable  quantity  in  the  soil  in  which  the  poppy  {papaver 
i&mniferum)  has  grown — may  be  regarded  as  a  sufficient 
evidence  of  the  fact^>»-but  the  quantity  of  such  organic  mat- 
ter hitherto  detected  among  what  may  be  safely  viewed  as 
the  real  excretions  of  plants,  seems  by  far  too  small  to  ac- 
count for  the  remarkable  natural  results  attended  upon  a 
rotation  of  crops. 

The  consideration  of  these  results,  as  well  as  of  the  ge- 

obfoure  and  to  little  known  as  to  justify  the  presumption  that  some  other  ex- 
planation must  be  given  of  the  general  system  o£,  rotation."  Various  illui- 
trations  have  been  given  by  different  observers  o(  this  supposed  excreting 
power  of  tbe  roots.  Among  the  roost  reeent  are  those  of  Nietner,  who  as- 
cribes the  luxoriant  rye  crops  obtained  without  manure  after  throe  years  oT 
clover,  to  the  excretions  of  this  plant  in  tbe  soil,  which  like  those  of  tbe  pea 
and  bean  to  the  wh<>at,  be  supjvoses  to  be  nouriihing  food  to  the  rye.  He 
also  states  that  the  beet  or  the  turnip  after  tobacco  has  an  unpleasant  taste 
and  u  scarcely  eatable,  which  he  attributes  to  the  excretions  of  the  lobncco 
plant  Meyen  ascribes  tbe  effect  of  the  clover  to  the  green  manure  suppUed  by 
Its  roou  and  stubble,  and  that  of  the  tobacco  to  the  undecoroposed  organic 
■obstanees  contained  in  tbe  sap  and  substance  of  the  roots  and  stems  of  thia 
plant,  of  which  so  large  a  quantity  is  left  behind  in  the  field.*  These  objec- 
tions of  Meyen  are  not  without  their  weight,  but  we  shall  hereafter  see  that 
Ihey  embody  only  half  the  truth, 

[  ^Ueyenn' Jakreskeriekt,  1839,  p.  &] 
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neral  theory  of  such  a  rotation,  will  form  a  distinct  topic  of 
consideration  in  a  subsequent  part  of  these  lectures*  I  shall, 
therefore,  only  mention  one  or  two  facts  which  seem  to  me 
capable  of  explanation  only  on  the  supposition  that  the  roots 
of  plants  are  endowed  with  the  power  of  rejecting,  and  that 
they  do  constantly  reject,  when  the  sap  returns  from  the 
leaf,  some  of  the  substances  which  they  had  previously 
taken  up  from  the  soil. 

1^.  De  Saussure  made  numerous  experiments  on  the 
quantity  of  ash  per  cent,  left  by  the  same  plant  at  different 
periods  of  its  growth.  Among  other  results  obtained  by 
him,  it  appeared-^ 

A.  That  the  quantity  of  incombustible  or  inorganic  mat- 
ter in  the  different  parts  of  the  plant  was  different  at  differ- 
ent periods  of  the  year.  Thus  the  dry  leaves  of  the  horse 
chestnut,  gathered  in  May,  left  7*2  per  cent.,  towards  the 
end  of  July  8*4  per  cent.,  and  in  the  end  of  September  8*6 
per  cent,  of  ash  ;  the  dry  leaves  of  the  hazel  in  June  left 
6*2,  and  in  September  7  per  cent. ;  and  those  of  the  poplar 
{papulus  nigra)  in  May  6*6,  and  in  September  9*3  per  cent 
of  ash.  These  results  are  easily  explained  on  the  supposi- 
tion that  the  roots  continued  to  absorb  and  send  up  to  the 
leaves  during  the  whole  summer  the  saline  and  earthy  sub- 
stances of  which  the  ash  consisted.    But-»> 

B.  He  observed  also  that  the  quantity  of  the  inorganic 
substances  in — or  the  ash  left  by — the  entire  plant,  dimin- 
ished as  it  approached  to  maturity.  Thus  the  dry  plants  of 
the  vetch,  of  the  golden  rod  {soUdago  vulgaris),  of  the  turn- 
sol  (heliaiUhus  atmuus),  and  of  wheat,  left  respectively  of 
ash,  at  three  different  periods  of  their  growth* — 
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This  diminution  in  the  proportion  of  ash,  might  arise 
either  from  an  increase  in  the  absolute  quantity  of  vegeta- 
ble matter  in  the  plants  accompanying  their  increase  in 

*  Oaty's  AgricultuTal  CUndstrf,  Lecture  III. 
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size — or  from  a  portion  of  the  saline  aud  earthy  matters 
they  contained  being  again  rejected  by  the  roots.  But  if 
the  former  be  the  true  explanation,  the  relative  propordona 
of  the  several  substances  of  which  the  ash  itself  consisted, 
in  the  several  cases,  should  have  been  the  same  at  the  seve- 
ral periods  when  the  experiments  were  made.  But  this  was 
by  no  means  the  case.  Thus,  to  refer  only  to  the  quantity 
of  silica  contained  in  the  ash  left  by  each  of  the  above 
plants  at  the  several  stages  of  their  growth,  the  ashes  of  the 
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per  cent.  per  cenim  per  eeni. 

Vetch  contained       ...         1*5                 J'5  1-75 

Golden  rod       ....         1-5                 1*5  35 

Tiirn»oi            ....         1-5                15  375 

Wheat             ....       12'5              260  51*0 

If,  then,  the  proportion  of  silica  in  the  ash  increased  in 
some  cases  four-fold,  while  the  whole  quantity  of  ash  left 
by  the  plant  decreased,  it  appears  evident  that  some  part  of 
that  which  existed  in  the  plant  during  the  earlier  periods  of 
its  growth  must  have  been  excreted  or  rejected  by  the  roots, 
as  it  advanced  towards  maturity. 

2o.  This  conclusion  is  confirmed  and  carried  farther  by 
another  consideration.  The  quantity  of  ash  left  by  the  ripe 
wheat  plant,  in  the  above  experiments  of  De  Saussure, 
amounted  to  3*3  per  cent. ; — of  which  ash,  51  per  cent.,  or 
rather  more  than  one-half,  was  silica.  This  silica,  it  la  be- 
lieved, could  only  have  entered  into  the  circulation  of  tlie 
plant  in  a  state  of  solution  in  water,  and  could  only  be  dis- 
solved by  the  agency  of  potash  or  soda.  But  accord in|^  to 
Sprengel,  the  potash,  soda,  and  silica,  are  to  each  other  in 
the  grain  and  straw  of  wheat,  in  the  proportions  of-~ 

Potash.  Soda.  Silica. 

Grain 0*225  024  0*4 

Straw 0-20  029  287 

Or,  supposing  the  |[rain  to  equal  one-half  the  weight  of 
the  straw — their  relative  proportions  in  the  whole  plant  will 
be  nearly  as,  21  potash,  27  soda,  205  silica,  or  the  weight  of 
the  silica  is  upwards  of  four  times  the  weights  of  the  pot- 
ash and  soda  taken  together. 

Now  silica  requires  nearly  half  its  weight  of  potash  to 


IN  WBAT   WAT  IHTBODUCBD.  119 

render  it  soluble  in  water,*  or  three-fiftba  of  its  weight  of  a 
mixture  of  nearly  equal  parts  of  potash  and  soda.     The 
quantity  of  these  alkaline  substances  found  in  the  plants 
therefore,  is  by  no  means  sufficient  to  have  dissolved  and 
brought  into  its  circulation  the  whole  of  the  silica  it  con- 
tains.   One  of  two  things,  therefore,  must  have  taken  place. 
Either  a  portion  of  the  potash  and  soda  present  in  the  plant 
in  the  earlier  stages  of  its  growth  must  have  escaped  from 
its  roots  at  a  later  stage,t  leaving  the  silica  behind  it — or 
the  same  quantity  of  alkali,  must  have  circulated  throueh 
the  plant  several  times — bringing  in  its  burden  of  silica,  de- 
positing it  in  the  vascular  system  of  the  plant,  and  again  re- 
taming  to  the  soil  for  a  fresh  supply.     In  either  case  the 
roots  must  have  allowed  it  egress  as  well  as  ingress.     But 
the  fact,  that  the  proportion  of  silica  in  the  plant  goes  on  in- 
creasing as  it  continues  to  grow,  is  in  favour  of  the  latter 
view — and  renders  it  very  probable  that  the  same  quantity 
of  alkali  returns  ag^in  and  again  into  the  circulation,  bring- 
ing with  it  supplies  of  silica  and  probably  of  other  substances 
which  the  plant  requires  from  the  soil.    And  while  this 
view  appears  to  be  the  more  probable, it  also  presents  an  in* 
tereating  illustration  of  what  miky  probahltf  be  the  kind  of 
function  discharged  by  the  potash  and  other  inorganic  sub- 
Btances  found  in  the  substance  of  plants— a  question  we 
shall  hereafter  have  occasion  to  consider  at  some  length. 

The  above  considerations,  therefore,  to  which  I  might  add 
others  of  a  similar  kind,  satisfy  me  that  the  roots  of  plants 
do  possess  the  power  of  excreting  various  substances  which 
are  held  in  solution  by  the  sap  on  its  return  from  the  stem 
— >and  which  having  performed  their  functions  in  the  interior 

*  A  soluble  ftau  may  be  made  by  melting  together  in  a  crucible  for 
six  boors  10  parts  of  carbonate  of  potash,  15  of  silica,  and  1  of  charcoal 

powder. 

t  De  Saussore  does  not  state  the  ex€Kt  relatite  qaantities  of  potash  and 
poda  at  the  several  periods  of  the  growth  of  wheat,  though  they  appear  to  hare 
gnduully  difflinisbNi.  It  seems,  indeed,  to  be  true  of  many  plants,  that 
the  potash  and  soda  they  contain  diminishes  in  quantity  as  their  age  io- 
cf^^9e*»  Thus  the  weight  of  potash  in  the  juice  of  the  ripe  or  sweet  grape, 
la  said  to  be  less  than  io  the  unripe  or  sour  grape— end  the  leaves  of  the 
potato  have  beeo  found  mora  rich  in  potash  betore  than  after  blossomiaf 

(LieMf> 
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of  tbe  plant  are  no  longer  fitted,  in  their  existing  conctition, 
to  minister  to  its  sustenance  or  growth.  Nor  is  it  likely 
that  this  excretory  power  is  restricted  solely  to  the  emission 
of  inorganic  suhstances.  .  Other  soluble  matters  of  organic 
origin  are,  no  doubt,  permitted  to  escape  into  the  soil — 
though  whether  of  such  a  kind  as  must  necessarily  be  in- 
jurious to  the  plant  from  which  they  have  been  extruded,  or 
to  such  a  degree  as  alone  to  render  a  rotation  of  crops  ne» 
cessary,  neither  reasoning  nor  experiment  has  hitherto  sat- 
isfactorily shown. 

Vf.  The  roots  have  the  power  of  absorbing,  and  in  some 
measure  of  selecting,  food  from  the  soil — can  they  also 
modify  or  alter  it  as  it  passes  through  them  1  A  colourless 
sap  is  observed  to  ascend  through  the  roots.  From  the 
very  extremity  up  to  the  foot  of  the  stem  a  cross  section 
exhibits  little  trace  of  colouring  matter,  even  when  the  soil 
contains  animal  and  vegetable  substances  which  are  solu- 
ble, and  which  give  dark  coloured  solutions.*  Does  such  | 
matter  never  enter  the  root  ?  If  it  does,  it  must  be  speedily 
changed  or  transformed  into  new  compounds. 

We  have  as  yet  too  few  experiments  upon  this  subject 
to  enable  us  to  decide  vnih  any  degree  ofcertainty  in  re- 
gard to  this  function  of  the  root.  It  is  probable,  however, 
that  as  the  sap  passes  through  the  plant,  it  is  constantly, 
though  gradually,  undergoing  a  series  of  changes,  from  tbe 
time  when  it  first  enters  the  root  till  it  again  reaches  it  on 
its  return  from  the  leaf. 

Can  we  conceive  tbe  existence  of  any  powers  in  the  root, 
or  in  the  whole  plant,  of  a  still  more  refined  kind  1  Tbe 
germinating  seed  gives  oif  acetic  acid  into  the  soil,— ^oes 
this  acetic  acid  dissolve  lime  from  the  soil  and  return  with 
it  again,  as  some  suppose  (Liebig),  into  the  circulation  of 
the  plant  ?t     Is  acetic  acid  produced  and  excreted  by  the 

*  Such  Qt  the  liquid  manure  of  the  fold-yard. 

t  Braconnot  found  acetate  of  lime  in  very  itmall  quantitiea  to  be  atngulariy 
hurtful  to  vegetation,  and  acetate  of  magnesin  a  little  less  so.     He  only 
mentions,  however,  some  experiments  upon  mercurialiM  onnvaX  •■mI    bs 
Saussure  found  thtit  some  plants  actually  refuse  to  take  it  up  at  all,  these 
fates  may  not  be  equally  injurious  to  all  plants. 

[t  Ann  de  Ckim,  ei  de  PhyM.  Ixxii.,  p.  36.] 
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seed  for  this  very  refined  purpose  t  We  have  concladed 
that  in  the  wheat  plant  the  potash  and  soda  probahly  go  and 
come  several  times  during  its  growth,  and  the  ripening  of 
its  seed.  Is  this  a  contrivance  of  nature  to  make  up  foi  the 
scarcity  of  alkaline  substances  in  the  soil— or  would  the 
same  mode  of  operation  be  employed  if  potash  and  soda 
were  present  in  greater  abundance  t  Or  where  the  alkalies 
are  present  in  greater  abundance,  might  not  more  work  be 
done  by  them  in  the  same  time, — might  not  the  plant  be 
built  up  the  faster  and  the  larger,  when  there  were  more 
hands,  so  to  speak,  to  do  the  work  1  Is  the  action  of  inor<* 
ganic  substances  upon  vegetation  to  be  explained  by  the 
existence  of  a  power  resident  in  the  roots  or  other  parts  of 
plants,  by  which  such  operations  as  this  are  directed  or  sn* 
perintended  1  There  are  many  mysteries  connected  vrith 
the  nature  and  phenomena  of  vegetable  life,  which  we  have 
been  unable  as  yet  to  induce  nature  to  reveal  to  us.*  But 
the  morning  light  is  already  kindling  on  the  tops  of  the 
mountains,  and  we  may  hope  that  the  deepest  vallies  vnll 
not  forever  remain  obscure. 

§  3.  The  course  of  the  eap* 

If  a  trunk  of  a  tree  be  cut  oif  above  the  roots,  and  the 
lower  extremity  be  immediately  plunged  into  a  solution  of 
madder  or  other  colouring  substance,  the  coloured  liquid 
will  ascend  and  will  gradually  tinge  the  wood.  This  ascent 

*  The  rooU  of  trees  will  travel  to  eomparetively  grMt  distances,  and  ia 
▼arious  directions  in  search  of  water :  the  roots  of  Sainfoin  (EapargeUe)  wiU 
penetrate  10  or  12  feet  through  the  calcareous  mbby  subsoil,  or  down  the  fit- 
tares  of  limestone  rocks  on  which  they  delight  to  grow.  Is  this  the  result  of 
tome  perceptive  power  in  the  plaiit'-H>r  it  it  meiely  by  aeeidetU  ihatthe  roolt 
display  tbete  tendencies  f 

^  These  who  are  in  any  degree  acquainted  with  the  tpeculations  of  the  Qn^ 
man  physiologists  of  the  greatest  name— in  regard  to  the  taul  and  even  the 
immc^eUiiy  of  plants-— will  not  accuse  me  of  going  very  far  in  alluding  fo 
the  iropoatible  eiistence  of  some  such  perceptive  power  in  plants.  Von  Mac- 
tins  geu  rid  of  objectors  by  speaking  of  them  as  "  eeient^  men  to  «A#at 
the  power  of  comprehending  the  transcendental  hat  been  imparted  inm 
lower  degree." — See  Meyen's  Jahretberieht^  1839,  or  SilUmane  Americei/t 
Journal  for  Jemuarf,  1841,  p.  170. 
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mil  continue  till  the  colour  can  also  be  obaenred  in  the 
nerves  of  the  leaf.  If  at  this  stage  in  the  experiment  the 
trunk  be  cut  across  at  yarious  heights,  the  wood  alone  will 
appear  coloured,  the  bark  remaining  entirely  untinged. 
But  if  the  process  be  allowed  still  to  continue  when  the 
colouring  matter  has  reached  the  leaf,  and  after  some  fuT« 
ther  time  the  stem  be  cut  across,  the  bark  also  will  appear 
dyed,  and  the  tinge  will  be  perceptible  further  and  further 
from  the  leaf  the  longer  the  experiment  is  carried  on,  till  at 
length  both  bark  and  wood  will  be  coloured  to  the  Teiy 
bottom  of  the  stem. 

Or  of  the  root  of  a  living  plant,  as  in  the  experiment  of 
liacaire  detailed  in  the  preceding  note,  be  immersed  in  a 
metallic  solution'-— such  as  a  solution  of  acetate  of  lead, — 
which  it  is  capable  of  absorbing  without  immediate  injury, 
and  different  portions  of  the  plant  be  examined  after  the 
lapse  of  different  periods  of  time,— first  the  stem,  afterwards 
the  leaves,  then  the  bark  of  the  upper  part  of  the  stem,  and 
lastly  that  of  the  lower  part  of  the  stem,  will  exhibit  traces 
of  lead. 

These  experiments  show  that  the  sap  which  enters  by  the 
roots  ascends  through  the  vessels  of  the  wood,  diffuses  itself 
over  the  surface  of  the  leaves,  and  then  descends  by  the 
bark  to  the  extremities  of  the  root. 

But  what  becomes  of  the  sap  when  it  reaches  the  root  t 
Is  it  delivered  into  the  soil,  or  does  it  recommence  the  same 
course,  and  again,  repeatedly  perhaps,  circulate  through  tbe 
stem,  leaves,  and  bark  t  This  question  has  been  partly  an- 
swered by  what  has  been  stated  in  the  preceding  section. 
When  the  sap  reaches  the  extremity  of  tne  root,  it  appears 
to  give  off  to  the  soil  both  solid  and  fluid  substances  of  a 
kind  and  to  an  amount  which  probably  differ  with  every 
species  of  ^lant.  The  remainder  of  the  sap  and  of  the 
substances  it  holds  in  solution  must  be  diffused  through  the 
cellular  spongy  terminations  of  the  roots,  and,  with  the  newr 
supply  ot  liquid  imbibed  from  the  soil,  returned  again  to 
the  stem  with  the  ascending  current 

But  what  causes  the  sap  thus  to  ascend  and  descend  ¥ 
By  what  power  is  it  first  sucked  up  through  the  roots,  and 
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afterwards  forced  down  agaia  from  the  leaves  1    Several 
answars  have  been  given  to  this  question. 

1^.  When  the  end  of  a  wide  tube»  either  of  metal  or  of 
glass^  is  plunged  into  water,  the  liquid  will  rise  within  the 
tube  sensibly  to  the  same  level  as  that  at  which  it  stands  ia 
the  vessel.  But  if  a  capillary*  tube  be  employed  instead  of 
one  with  a  wide  bore,  the  liquid  will  rise,  and  will  peroEMr 
nently  remain  at  a  considerably  higher  level  within  than 
without  the  tube.  The  cause  of  this  rise  has  been  ascribed 
to  an  attraction  which  the  sides  of  the  tube  have  for  the 
liquid,  and  which  is  sufficiently  strong  to  raise  it  and  to 
keep  it  up  above  the  proper  level  of  the  water.  The  force 
itself  is  generally  distinguished  by  the  name  of  capiUary 
aUraUum. 

Now,  the  wood  of  a  tree,  as  we  have  seen,  is  composed  of 
a  mass  of  fine  tubes,  and  through  these  the  sap  has  been 
said  to  rise  by  capiUary  attraction^  But  if  the  top  of  a  vine 
be  cut  off  when  it  is  juicy  and  full  of  sap,  the  liquid  will 
exude  from  the  newly  formed  surface,  and  if  the  air  be  ex- 
cluded, will  flow  for  a  length  of  lime,  and  may  be  collected 
in  considerable  quantity .t  Such  a  flow  of  the  sap  is  not  to 
be  accounted  for  by  mere  capillary  attraction — ^the  sides  of 
tubes  cannot  draw  up  a  fluid  beyond  their  own  extremities. 

20.  To  supply  the  defect  of  this  hypothesis,  De  Saussure 
supposed  that  the  fluid  at  first  introduced  bv  capillary  at- 
traction into  the  extremities  of  the  root,  was  afterwards  pro- 
pelled upwards  by  the  alternate  contraction  and  expansion 
of  the  tubes  of  which  the  wood  of  the  root  and  stem  is  com- 
posed. This  alternate  contraction  and  expansion  he  also 
supposed  to  be  caused  by  a  peculiar  irritating  property  of 
the  sap  itself,  which  caused  each  successive  part  of  the  tube 
into  which  it  found  admission  to  contract  for  the  purpose  of 
expelling  it.  Mr.  Knight  also  ascribed  the  ascent  of  the 
sap  to  a  similar  contraction  of  certain  other  parts  of  the 

*  Q\mu  tabef   perforated  by  a  very  fine  bore,  like  a  human  hair,  are 
called  eapUlarf  tnbei.    Such  are  tho>e  of  which  thermomecen  are  utuaBy 


tLindley's  Theory  of  HoriicuUuri,  p.  47  (note). 


^ 


124  END08MOSB   AMD   BZ08M08B. 

« 

item.  Being  once  raised,  he  supposed  it  to  return  again 
or  descend  by  its  own  weight — but  in  drooping  branches  it 
is  obvious  that  the  sap  must  be  actually  driven  or  drawn 
upwards  from  the  leaves  on  its  return  to  the  root.  Theae 
explanations,  therefore,  are  still  unsatisfactory. 

3^.  If  one  end  of  an  open  glass  tube  be  covered  with  a 
piece  of  moistened  bladder  or  other  fine  animal  membrane, 
tied  tightly  over  it,  and  a  strong  solution  of  sugar  in  water 
be  then  poured  into  the  open  end  of  the  tube,  so  as  to  cover 
the  membrane  to  the  depth  of  several  inches,  and  if  the 
dosed  end  be  then  introduced  to  the  depth  of  an  inch  be- 
low the  surfiice  of  a  vessel  of  pure  water,  the  water  will 
after  a  short  time  pass  through  the  bladder  inwards,  and 
the  column  of  liquid  in  the  tube  will  increase  in  height. 
This  ascent  will  continue,  till  in  favourable  circumstances 
the  fluid  will  reach  the  height  of  several  feet,  and  will  flow 
out  or  run  over  at  the  open  end  of  the  tube.  At  the  same 
time  the  water  in  the  vessel  will  become  sweet,  indicating 
that  while  so  much  liquid  has  passed  through  the  mem- 
brane inwards,  a  quantity  has  also  passed  outwards,  carry- 
ing sugar  along  with  it.*  To  these  opposite  efiects  IhUro- 
c^9  who  first  drew  attention  to  the  nict,  gave  the  names 
eiSndoimant  denoting  the  inward  progress,  and  Exasmoie^ 
^e  outward  progress  of  the  fluid.  He  supposed  them  to  be 
due  to  the  action  of  two  opposite  currents  of  electricity,  and 
he  likens  the  phenomena  observed  during  the  circulation 
of  the  sap  in  plants,  to  the  appearances  presented  daring 
the  above  experiment. 

*  IrutiMd  of  ingar,  common  lalt,  gum,  or  other  toloUe  tubflaaoet  may 
be  diMoWed  in  the  water  introduced  at  first  into  the  tube,  and  the  deaacr 
tlua  aolution  the  larger  the  quantity  of  water  which  will  enter  by  the  mem- 
brane, and  the  greater  the  height  to  which  the  column  will  rise.  It  eeaaea 
in  all  caaee  to  riae  only  when  the  portions  of  liquid  within  and  without  the 
attmbrane  attain  nearly  to  the  same  deuity.t  Inataad  of  pure  water  th« 
veasel  into  which  the  extremity  of  the  tube  is  plunged  may  also  contain  a 
weak  solution  of  some  soluble  substance— such  as  lime  or  soda— in  which 
•Me,  while  the  sugar,  or  salt,  or  gum,  will  pass  outwards  in  smaller  qoanti^. 
the  lime  or  soda  will  pass  inwards,  along  with  the  currents  of  water  in  which 
they  are  severally  dissolved. 

[t  Cootaia  nearly  the  same  weight  of  solid  matter  in  solotion.] 
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Witboat  discossiBg  the  degree  of  probability  which  exista 
as  to  the  influence  of  electricity  in  producing  the  pheno- 
mena of  endosmose  and  exosmose,  it  must  be  admitted 
that  the  appearances  themselves  bear  a  strong  resemblance 
to  those  presented  in  the  absorption  and  excretion  of  fluids 
by  the  roots  of  plants — and  point  very  distinctly  to  at  least 
a  kindred  cause. 

Thus,  if  the  spongy  termination  of  the  root  represent  the 
thin  porous  mensbrane  in  the  above  experiment — the  sap 
with  which  the  tubes  of  the  wood  are  tilled,  the  artificial 
soIutioD  introduced  into  the  experimental  tube — and  the 
water  in  the  soil,  the  water  or  aqueous  solution  into  which 
the  closed  extremity  of  the  tube  is  introduced,  —we  have  a 
series  of  conditions  precisely  similar  to  those  in  the  experi- 
ment. Fluids  ought,  consequently,  to  enter  from  the  soil 
into  the  roots,  and  thence  to  ascend  into  the  stem,  as  in  na- 
ture they  appear  to  do. 

This  ascent,  we  have  said,  will  continue  till  the  fluid  in 
the  tubes  of  the  wood  (the  sap)  is  reduced  to  a  density  as 
low  as  that  of  the  liquid  entering  the  roots  from  the  soil. 
But  in  a  growing  tree,  clothed  with  foilage,  this  will  never 
happen^  The  leaves  are  continually  exhaling  aqueous  va- 
pour, as  one  of  their  constant  functions,  and  sometimes  ia 
very  large  quantity.  The  sap,  therefore,  when  it  reaches 
the  leaves,  is  concentrated  or  thickened,  and  rendered  more 
dense  by  the 'Separation  of  the  water,  so  that  when  it  de- 
scends to  the  root,  and  again  begins  its  upwards  cotirse,  it 
will  admit  of  large  dikition  before  its  densky  can  be  so  far 
diminished  as  to  approach  that  of  the  comparatively  pure 
water  which  is  absorbed  from  the  soil.  And  this  illustra- 
tion of  the  ascent  of  the  sap  appears  the  more  correct  from 
the  obvious  purpose  it  points  out — (in  addition  to  others 
long  recognised)*-as  served  by  the  evaporation  which  is 
constantly  taking  place  from  the  surface  of  the  leaf. 
•  Still  the  cause  of  the  ascent  of  the  sap  is  not  the  more 
clear  that  we  can  imitate  it  in  some  measure  by  an  artifi- 
cial  experiment.  But  It  will  be  conceded  by  the  strictest 
reasoners  on  physical  phenomena,  that  to  have  obtained  the 
command,  or  even  a  partial  control,  over  a  natural  pawer^ 
is  a  considerable  step  towards  a  cl^ar  conceptiofk'of  the  ua*^ 
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tare  of  that  power  itself.  If  the  phenonesa  of  eodosmose 
can  hereafter  be  clearly  and  indubitably  traced  to  tlie 
agency  of  electricity,  we  shall  have  advanced  still  another 
Btep,  and  shall  be  enabled  to  devise  other  means  by  which 
a  more  perfect  imitation  of  nature  may  be  efiected*  or  a 
more  complete  control  asserted  over  the  phenomena  of 
vegetable  circulation. 

§  i.  FmUions  of  the  sttm. 

The  functions  of  the  stem  are  probably  as  various  as 
those  of  the  root,  though  the  circumstances  under  which 
they  are  performed  necessarily  involve  these  functions  in 
considerame  obscurity^ 

The  pith  which  £orms  the  centralpart  of  the  stem  consists, 
as  I  have  already  stated,  of  tubes  disposed  horizontally. 
When  a  coloured  fluid  is  permitted  to  enter  the  lower  part 
of  the  stem  in  the  experiments  above  described,  the  pith  re- 
mains untinctured  in  the  centre  of  the  coloured  wood.  It  does 
not,  therefore,  serve  for  the  conveyance  of  the  sap.  Nor 
does  it  seem  to  be  vitally  necessary  to  the  health  and  growth 
of  the  plant,  since  Mr.  Knight  has  shown  that,  from  the  in- 
terior of  many  trees,  it  may  be  removed  without  apparent 
injury,  and  in  nature,  as  trees  advance  in  age,  it  gradually 
diminishes  in  bulk,  and  in  some  species  becomes  appareaUj 
obliterated. 

The  vessels  of  the  wood,  which  snrrounds  the  pith,  per- 
form probably  both  a  mechanical  an<i  a  chemical  function. 
They  serve  to  convey  upwards  to  the  leaf  the  varioos  sob- 
Stances  which  enter  by  the  roots.  This  is  their  mechanicsal 
function.  But  during  its  progress  upwards,  the  sap  appears 
to  undergo  a  series  of  changes.  When  it  reaches  the  leaves 
It  is  no  longer  in  the  state  m  which  it  is  ascended  from  tlie 
root  into  the^  stem.  The  difficulty  of  extracting  the  sap 
from  the  wood,  at  difierent  heights,  has  prevented  very  ri- 
gorous experiments  from  being  made  on  its  nature  and  cod- 
tents  at  the  several  stages  of  its  ascent.  These  it  is  obvious 
must  vary  with  the  species  and  age  of  the  plant,  and  with 
the  season  of  the  year  at  which  the  experiment  is  made. 
But  the  general  result  to  be  drawn  from  such  observattosis 
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u  hav«  bitherto  been  made,  is,  that  those  sabstaaces  which 
enter  directly  into  the  root,  when  roingled  with  such  as  have 
aln^ady  passed  through  the  circiilation  of  the  plant,  under- 
go, daring  their  ascent,  a  gradual  preparation  for  ^atscate 
in  which  they  become  nt  to  minister  to  the  growth  of  the 
plant.  This  preparation  is  completed  in  a  great  measore  in 
the  leaf,  though  further  changes  still  go  on  as  the  sap  de- 
scends through  the  bark.  This  deduction  is  strengthened 
by  the  fact  that  gaseous  substanees  of  Tarious  kinds  and  in 
rarying  quantities  exist  in  the  interior  of  the  wood  of  the 
growing  plant.  These  gaseous  substances,  according  to 
^ucherie,  are  in  some  cases  equal  in  bulk  to  one-twentieth 
part  of  the  entire  trunk  of  the  tree  in  which  they  exist. 
They  probably  move  upwards  along  with  the  sap,  and  are 
more  or  less  coenpletely  discharged  into  the  atmosphere 
through  the  pores  of  the  leaves.  That  these  gaseous  sub- 
stances not  only  difi^r  in  quantity,  but  in  kind  also,  with 
the  age  and  species  of  the  tree,  and  with  the  season  of  the 
year,  may,  1  think,  be  considered  as  almost  amounting  to  a 
proof  that  they  have  not  been  inhaled  directly  by  the  roots, 
but  are  the  result  of  chemical  decompositions  which  have 
taken  place  on  the  stem  itself,  as  the  sap  mounted  upwards 
towapds.  the  leaves. 

We  have  seen  that  the  roots  exercise  a  kiud  of  discrimi- 
nating power  in  admitting  to  the  circulation  of  the  pl^Qt  the 
varipus-  substances  which  are  present  ki  the  soil.  The  ves- 
sels of  the  stem- exhibit  an  analogoua  power  o£  admitting  or 
rejecting  the  solutions  of  different  substances  into  which  they 
may  be  immersed.  Thus  Boueherie  states  that,  when  the 
trunks  of  several  trees  of  the  same  species  are  cut  off  above 
the  roots  and  the  lower  extremities  immediately  plunged 
into  solutions  of  difierent  substances,,  some  of  these  solutions 
will  quickly  astend  into  and  penetrate  the  entire  substance 
of  the  tree  immersed  in  them,  while  others  will  not  be  ad- 
mitted at  atf,  or  with  extreme  slowness  only,  by  the  vessels 
of  the  stem  to  which  they  are  respectively  presented.  On 
th&  other  hand,  that  which  is  rejected  by  one  species  will  be- 
readily  admitted  by  another.  Whether  this  partial  stop«^ 
pAge  of^  or  total  refusal  to  admit,  certain  substances,  be  a 
mere  eoniraeiiU  effi>rt  on  the  part  of  the  vessels,,  or  be  that 
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result  of  a  chemical  change  by  which  their  exclasion  is  ef- 
fected or  resisted,  does  Dot  as  yet  clearly  appear.  That  it 
does  not  depend  upon  the  Ughtoess  and  porosity  of  the  wood, 
as  might  be  supposed,  is  shown  hy  the  observation  that  the 
poplar  is  less  easily  penetrated  in  this  way  than  the  beech, 
and  the  willow  than  the  pear  tree,  the  maple,  or  the  plane. 

These  various  functions  of  the  woody  part  of  the  stem  are 
performed  chiefly  by  the  newer  wood  or  a^ni«in,  or,  as  it 
IS  often  called,  the  sap  wood  of  the  tree.  As  the  heart  wood 
becomes  older,  the  tubes  of  which  it  consists  are  either 
gradually  stopped  up  by  the  deposition  of  solid  substances 
which  have  entered  by  the  roots,  or  by  the  formation  of 
chemical  compounds,  which,  like  concretions  in  the  bodies 
of  animals,  slowly  increase  in  size  till  the  vessels  become 
entirely  closed — or  they  are  by  degrees  compressed  literally 
by  the  growth  of  wood  around  them,  so  as  to  b<;come  inca* 
pable  of  transmitting  the  ascending  fluids.  Perhaps  the 
result  is  in  most  cases  due  in  part  to  both  these  causes. 
This  more  or  less  perfect  stoppage  of  the  oldest  vessels  is 
one  reason  why  the  course  of  the  sap  is  chiefly  directed 
through  the  newer  tubes.* 

The  functions  of  the  bark,  which  forms  the  exterior  por- 
tion of  the  stem,  will  be  more  advantageously  described, 
after  we  shall  have  considered  the  purposes  served  by  the 
leaves. 

f5.  FwictioM  of  the  leaves. 

The  vessels  of  which  the  sap  wood  is  composed  extend 
upwards  into  the  fibres  of  the  leaf.  Through  these  vessels 
the  sap  ascends,  and  from  their  extremities  diffuses  itself  over 
the  surface  of  the  leaf.  Here  it  undergoes  important  che- 
mical changes,  the  extent,  if  not  the  exact  nature,  of  which 

*  As  the  newest  roots  are  prolongations  of  the  newest  W4M>d,  it  may  be 
supposed  that  the  fact  of  these  roots  being  the  chief  absorbents  from  the  soil, 
is  a  sufficient  reason  why  that  which  is  absorbed  by  them  should  also  pass  up 
through  the  wood  with  which  they  are  most  closely  connected.  But  that 
the  porea  of  the  heart  wood  are  really  incapable  of  transmitting  fluids,  U 
ahown  by  plunging  the  newly  cut  stem  of  a.  tree  into  a  coloured  solution, — ^Um 
newer  wood  will  be  dyed,  while  more  oc  less  of  the  c^ntcal  portion  will  re- 
9Min  WDchanged. 
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will  appear  from  a  short  description  of  the  fonotioiui  which 
the  leaves  are  known  or  are  belioTed  to  discharge. 

1<>.  When  the  roots  of  a  living  plant  are  immeraed  in 
water,  it  is  a  matter  of  familiar  ohsenration  that  the  water 
gradually  diminishes  in  bulk,  and  will  at  length  entirely  dis- 
appear, even  when  eTaporation  into  the  air  is  entirely  pre- 
vented. The  water  which  thus  disappears  is  taken  up  by 
the  roots  of  the  plant,  is  carried  up  to  the  leaves,  is  there 
spread  out  over  a  large  surface  exposed  to  the  sun  and  to 
the  air,  and  in  the  form  of  vapour  escapes  in  considerable 
proportion  through  the  pores  of  the  leaves  and  diffuses  it- 
self through  the  atmosphere. 

The  quantity  of  water  which  thus  escapes  from  the  sur- 
face of  the  leaves  varies  vnth  the  moisture  of  the  soil,  with 
the  species  of  plant,  with  the  temperature  and  moisture  of 
the  air,  and  with  the  season  of  the  year.  According  to  the 
experiments  of  Hales,  it  is  also  dependent  on  the  presence 
of  the  sun,  and  is  scarcely  perceptible  during  the  night. 
He  found  that  a  sun-flower,  3|  feet  nigh,  lost  from  its  leaves 
during  12  hours  of  one  day  30,  and  of  another  day  20  ounces 
of  water,  while  durine  a  warm  night,  without  dew,  it  lost 
only  three  ounces,  and  in  a  dewy  night  underwent  no  dimi- 
nution in  weight* 

*  Whea  tho  eicftpe  of  Tapovr  from  tho  leavot  is  mofa  favid  than  tbe 
supply  of  water  from  the  roots,  tbe  leaves  droop,  dry  and  wither.  Such  is 
sometimei  tbe  case  with  growing  crops  in  very  hot  weather,  and  it  always 
happens  when  a  twig  or  flower  is  plocked  and  separated  from  tbe  stem  or 
rooc  When  thas  separated  the  leaves  still  contioiie  to  give  off  watery  vapoar 
Into  the  air,  and  consequently  the  sap  ascends  from  iIm  twig  or  stalk  to  sop- 
ply  the  place  of  the  water  thus  exhaled. 

^  But  as  the  sap  ascends  it  mutt  leave  the  vessels  empty  of  fluid,  and 
air  must  rush  in  to  fill  the  empty  space.  This  will  continue  till  nearly 
all  the  fluid  has  risen  from  tbe  stem  into  the  leaf,  and  the  vessels  of  the 
wood  are  full  of  air.  But  if  the  stem  of  the  twig  or  flower  be  placed  in 
water,  this  liquid  will  rise  into  it,  air  will  be  excluded,  and  the  freshness 
and  bloom  of  the  leaves  and  flowers  will  be  longer  preserved.  If  the  water 
into  which  they  are  introduced  contain  any  substance  in  solution,  these 
will  rise  along  with  the  water,  and  will  gradaally  make  their  way  through 
all  the  vessels  of  the  wood,  till  they  can  be  detected  in  the  leaves.  By 
this  means  even  large  trees  may  in  a  short  time  be  saturated  with  saline 
solutions,  capable  of  preserving  them  from  decay.  It  is  only  necessaiy 
to  cot  down  or  saw  tnroogh  the  tree  and  insert  its  lower  extremity  into 
thm  prepacad  sohition,  when  the  action  of  the  soa  and  air  upon  tho  leaves 
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This  loss  of  wiUery  vapour  by  the  leaf  is  ascribed  to  two 
different  kinds  of  action.    First,  to  a  natural  perspiration 
from  the  pores  of  the  leaf,  similar  to  the  insensible  perspira- 
tion which  is  continually  proceeding  from  the  skins  ai 
healthy  animals ;  and  second,  to  a  mechanical  evaporation 
like  that  which  gradually  takes  place  from  the  surface  of 
moist  bodies  when  exposed  to  hot  or  dry  air.     The  relative 
amount  of  loss  due  to  each  of  these  two  modes  of  action  re- 
spectively, must  differ  very  much  in  different  species  of 
plants,  being  dependent  in  a  g^eat  measure  on  the  special 
structure  of  the  leaf.     In  all  cases,  however,  the  natural 
perspiration  is  believed  very  greatly  to  exceed  the  mere  me- 
chanical  evaporation — though  the  results  of  Hales,  and  of 
other  experimenters,  show  that  lioth  processes  proceed  with 
the  greatest  rapidity  Onder  the  influence  of  a  warm  dry  at- 
mosphere, aided  by  the  direct  rays  of  the  sun. 

Among  the  several  purposes  served  by  this  escape  of  wa* 
tery  vapour  from  the  surface  of  the  leaf,  it  is  of  importance 
for  us  to  notice  the  direct  chemical  influence  it  exercises 
over  the  growth  of  the  plant.  As  the  water  disappears  frron 
the  leaf,  the  roots  must  absorb  from  the  soil  at  least  an  equal 
supply.  This  water  brings  with  it  the  soluble  subatanoesy 
organic  and  inorganic,  which  the  soil  contains,  and  thus  io 
proportion  to  the  activity  with  which  the  leaves  lose  their 
watery  vapour,  will  be  the  quantity  of  those  substances 
which  enter  from  the  soil  into  the  general  circulation  of  the 
plant.  This  enables  us  to  understand  how  substances,  very 
sparingly  soluble  in  water,  should  yet  be  found  in  the  inte- 

will  cauw  it  tpootaneously  to  aBcend.  Tbut  eorroiipe  mhUmate  (tke 
subject  of  Kyan*i  Patent)  may  be  injected  witb  ease,  orpyroHgniie  ofirv^ 
{\roa  dissolved  in  wood  vinegar,^  which  Boucheiie  recommends  as  equally 
efficient  and  much  more  economical.''  The  process  is  finished  when  the 
liquid  is  found  to  have  risen  to  the  lead  Coloured  solutions  may  in  tbe  same 
way  be  injected  and  the  wood  tinged  to  any  required  shade.  One  of  the  chief 
benefits  attendant  upon  the  cutting  of  wood  in  the  winter,  appears  to  be  ibat 
the  absence  of  leaves  prevents  the  exhaustion  of  the  sap  and  the  ascent  of  air 
into  the  vessels  of  the  wood— the  oxygen  of  this  air  tending  to  induce  deeay. 
But  the  sap  may  be  retained,  and  the  air  excluded  almost  as  eflTectually,  at 
any  other  season  of  the  year,  by  stripping  the  tree  of  its  leaves  and  braocbea  a 
iew  days  before  it  is  cut  down. 

[•  Ann,  de  Ckim.  et  de  Pkfs.  Ixziv.  p.  113.] 
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nor  of  plttDts,  and  in  yexy  considerable  qnantity,  at  almost 
erery  stage  of  their  growth. 

2^.  Besides  watery  vapour,  however,  the  leaves  of  nearly 
all  plants  exhale  at  the  same  time  other  volatile  compounds 
in  greater  or  less  abundance.    In  the  petals  of  flowers  we 
are  familiar  with  such  exhalations^-oflen  of  an  agreeable 
aud  odoriferous  character.    In  the  case  of  plants  and  trees 
also  which  emit  a  sensible  odour,  we  readily  recognise  the 
fact  of  volatile  substances  being  given  off  by  the  leaves. 
But  even  when  the  sense  of  smell  gives  us  no  indication  of 
their  emission  from  a  single  leaf  or  a  single  plant,  the  in- 
troduction of  a  number  of  such  inodorous  plants  into  the 
confined  atmosphere  of  a  small  room  after  a  time  satisfies 
us  that  even   they  part  with  some  volatile  matter  from 
their  leaves,  which  malces  itself  perceptible  to  our  imperfect 
organs  only  when  in  a  concentrated  state.     The  probability 
therefore  is,  that  the  leaves  of  all  plants  emit,  along  with 
the  watery  vapour  which  they  evolve,  certain  other  volatile 
substances  also,  though  often  in  quantities  so  minute  as  to 
escape  detection  by  our  unaided  senses.    By  the  emission 
of  these  substances  the  plant  probably  relieves  itself  of  what 
would  prove  injurious  if  retained,  though  of  the  chemical 
nature  and  composition  of  these  exhalations  little  or  nothing 
has  as  yet  been  ascertained. 

Z^,  If  the  branch  of  a  living  plant  be  so  bent  that  some 
of  its  leaves  can  be  introduced  beneath  the  edge  of  an  in- 
verted tumbler  full  of  water,  and  if  the  leaves  be  then  ex- 
posed to  the  rays  of  the  sun,  bubbles  of  gas  will  be  seen  to 
form  on  the  leaf,  and  gradually  to  rise  through  the  water 
and  collect  in  the  bottom  of  the  tunbler.  ff  this  gas  be 
examined  it  will  be  found  to  be  pure  oxygen. 

If  the  water  contain  carbonic  acid  gas,  or  if  during  the 
experiment  a  little  carbonic  acid  be  introduced,  this  gas  will 
be  found  gradually  to  disappeari  while  the  oxygen  will  con- 
tinue to  accumulate. 

Or  if  the  experiment  be  made  by  introducing  a  living 
plant  into  a  large  bell  glass  full  of  common  atmospheric  air, 
allowing  it  to  grow  there  for  12  hours  in  the  sunshine,  and 
then  examining  or  analysing  the  air  contained  in  the  glass* 
the  result  will  be  of  a  precisely  similar  kind.    The  per 
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centage  of  oxygen  io  the  lur  will  have  increased.*  And  if 
the  experiment  be  varied  by  the  introduction  of  a  small 
quantity  of  carbonic  acid  gas  into  the  jar,  this  gas  will  be 
round  as  before  to  diminish  in  quantity,  while  the  oxygen 
increases.  The  conclusion  drawn  from  these  experiments, 
therefore,  is,  that  the  Itaves  of  planU,  when  expo§ed  to  the 
ray»  of  the  #i«n,  absorb  carbonic  add  from  the  air  and  give  of 
pure  oxygen  ga$. 

It  has  been  already  stated  that  the  proportion  of  car- 
bonic acid  present  in  the  atmosphere  is  exceedingly  small.t 
but  if  for  the  purpose  of  experiment  we  increase  diis  pro* 
portion  in  a  gallon  of  air  to  five  or  ten  per  cent.,  introduce 
a  living  plant  into  it,  and  expose  it  to  the  sunshine,  the  car^ 
bonic  acid  will  gradually  disappear  as  before,  while  the  oxy* 
gen  win  increase.  And  if  we  analyse  the  air  and  estimate 
the  exact  bulk  of  each  of  these  gases  present  in  it  at  the 
close  of  our  experiment,  we  shall  find  that  the  oxygen  baa 
increased  generally  by  as  much  as  the  carbonic  acid  baa  di- 
minished. That  is  to  say,  if  five  cubic  inches  of  the  latter 
have  disappeared,  five  cubic  inches  will  have  been  added  to 
the  bulk  of  the  oxygen.  The  above  general  conclusion, 
therefore,  is  rendered  more  precise  by  this  experiment, 
which  appears  to  show  that  under  the  influence  of  the  turn's 
rays  the  leaves  of  plants  absorb  carbonic  acid  from  the  air  ami 
at  the  same  time  give  of  an  xqual  bulk  rf  oxygen  gas. 

And  as  carbonic  acid  (CO")  contains  its  own  bulk  of 
oxygen  gas|  combined  with  a  certain  known  weight  of  car- 
bon, it  is  further  inferred  that  the  oxygen  given  off  by  the 
leaves  is  the  same  which  has  been  [previously  absorbed  in 
the  form  of  carbonic  acid,  and  therefore  it  is  usually  stated 
as  a  function  of  the  leaves — that  in  the  sunshine  they  athtcrh 
tarbanic  acid  from  the  air,  dxcomposs  it  in  the  interior  of 

*  It  will  be  nmembered  that  atmospheric  air  coauiu  about  31  per  ceau  of 
ozvgen  gat. 

T  About  l-2500th  of  iu  bulk.    See  Lectare  II.,  p.  3G. 

t  This  the  reader  will  recollect  it  proved  by  burning  charcoal  in  a  bottle  of 
oxygen  gat  till  combuttion  oeatet,  when  nearly  the  whole  of  the  oxTgem 
it  converted  into  carbonio  acid,  but  withoatohangeof  balk.    See  Lesiara  III., 
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the  leqfl  retain  its  carbon,  and  again  reject  or  emit  the  oxygm 
it  contained. 

This  coDclusion  presents  a  very  simple  view  of  tbe  rela- 
tions of  oxygen  and  carbonic  acid  respectively  to  the  living 
leaf  in  tbe  presence  of  the  sun,  and  it  appears  to  be  fairly 
deduced  from  tbe  facta  above  stated.  It  has  occasionally 
been  observed,  however,  that  the  bulk  of  oxygen  given  off 
by  the  leaf  has  not  been  precisely  equal  to  that  of  the  car* 
bonic  acid  absorbed,*  and  hence  it  is  also  fairly  concluded 
that  a  portion  of  the  oxygen  of  the  carbonic  acid  which  en- 
ters the  leaf  is  retained,  and  made  available  in  the  produc- 
tion of  the  various  substances  which  are  formed  in  the  vas- 
cular svstem  of  difierent  plants.  On  the  other  hand  it  is 
stated  by  Sprengel,  that  if  compounds  containing  much  ox- 
ygen be  presented  to  the  roots  of  plants,  and  thus  introduced 
into  the  circulation,  they  are  also  decomposed,  and  t]|e  oxy- 
gen they  contain  in  part  or  in  whole  given  off  by  the  leaves^ 
so  that,  under  certain  circumstances,  the  bulk  of  the  oxy- 
gen which  escapes  is  actually  greater  than  that  of  the  car- 
bonic acid  which  is  absorbed  by  the  leaves.  Such  is  the 
case,  for  example,  when  the  roots  are  moistened  with  water 
containing  carbonic,  sulphuric,  or  nitric  acids.t 

It  is  of  importance  to  note  these  deviations  from  apparent 
simplicity  in  the  relative  bulks  of  the  two  gases  which  are 
respectively  given  off  and  absorbed  by  all  living  vegetables. 
There  are  numerous  cases  of  the  formation  of  substances  ia 
the  interior  of  plants  which  theory  would  fail  to  accountfor 
with  any  decree  of  ease,  were  these  apparent  anomalies  to 
be  neglected.  This  will  more  distinctly  appear  when  in  a 
subsequent  lecture  we  shall  inquire  hoto  or  by  what  chemi- 
cal changes  the  substances  which  plants  contain,  or  of 
which  they  consist,  are  produced  from  the  food  which  they 
draw  from  the  air  and  from  the  soil. 

The  most  general  and  probable  expression,  therefore,  for 
the  function  of  the  leaf,  now  under  consideration,  appears  to 
be  that  in  the  sunshine  the  leaves  absorb  from  the  air  car- 
bonic acid,  and  at  the  same  time  evolve  oxygen  gas,  the 

*  S«e  FerMs  Ckimie  MoiecvUire,  p.  54. 
t  Sprengel  ChemU,  II.,  p.  344. 
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bulk  of  the  latter  gas  given  off  being  nearly  eqaal  to  tbat  of 
the  former  which  is  taken  in— the  relative  bulks  of  the  two 
gases  varying  more  or  less  with  the  species  of  plant,  as  well 
as  with  the  circumstances  under  which  it  is  caused  or  is 
fitted  to  grow.* 

4°.  Such  is  the  relation  of  the  leaf  to  the  oxygen  and 
carbonic  acid  of  the  atmosphere  in  the  presence  of  the  sun. 
During  the  night  their  action  is  reversed,  they  emit  carbonic 
acid  and  absorb  oxygen.  This  is  proved  by  experiments 
similar  to  those  above  described.  For  if  the  plant  which 
has  remained  under  the  bell  glass  for  12  hours  in  the  sun- 
shine— during  which  time  the  oxygen  has  sensibly  in- 
creased, and  the  carbonic  acid  diminished  in  bulk — be  al- 
lowed to  remain  in  the  same  air  through  the  following  night, 
the  oxygen  will  be  found  to  have  decreased,  while  the  car- 
bonic Icid  will  be  present  in  larger  quantity  than  in  the 
evening  of  the  previous  day. 

The  carbonic  acid  thus  given  off  during  the  night  is  sup- 
posed to  be  partly  derived  from  the  soil  through  the  roots, 
and  partly  from  the  substance  of  the  plant  itself.  The  ox- 
ygen absorbed  cither  combines  with  the  carbon  of  the  plant 
to  form  a  portion  of  the  carbonic  acid  which  is  at  the  same 
time  given  off,  or  is  employed  in  producing  some  of  the 
other  oxidized]  compounds  that  exist  in  the  sap. 

As  a  general  rule,  the  quantity  of  carbonic  acid  given  off 
during  the  night  is  far  from  being  equal  to  that  which  is 
absorbed  during  the  day.  Still  it  is  obvious  that  a  plant 
loses  carbon  precisely  in  proportion  to  the  amount  of  this 
gas  given  off.  Hence,  when  the  days  are  longest,  the  plant 
will  lose  the  least,  and  where  the  sun  is  brightest  it  will  gain 
the  fastest ;  since  other  things  being  equal,  the  decomposi- 
tion of  carbonic  acid  proceeds  most  rapidly  where  the  sky 
is  the  clearest,  and  the  rays  of  the  sun  most  powerful. 
Hence  we  see  why  in  Notthern  regions,  where  spring,  sum- 

*  As  the  oxygen  given  off  by  thelcnves  is  always  the  resolt  of  a  cheraicftl 
decomposilion,  by  which  the  carbonic  acid  or  olber  compound  i«  deprived  of 
a  portion,  ot  least,  of  its  oxygen  or  ^e-oxidized,  this  function  of  the  leavr* 
in  the  presem  e  of  the  sun  is  often  spoken  of  as  their  de^xadizing 
power. 

t  09t4li>e4— containiog  oxygen  io  considerable  quantity. 
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mer,  and  aaturnn  are  all  comprised  in  one  long  day — vege- 
tation should  proceed  with  such  rapidity.  The  decomposi- 
tion of  the  carbonic  acid  goes  on  without  intermission,  the 
leaves  have  no  night  of  rest,  but  nature  has  kindly  provided 
that,  where  the  season  of  warmth  isso  fleeting,  there  should 
be  no  cessation  to  the  necessary  growth  of  food  for  man 
and  beast. 

This  comparison  of  the  functions  performed  by  the  leaf, 
during  the  day  and  night  respectively,  explains  the  chemi- 
cal nature  of  the  hlaiiching  of  vegetables  practised  by  the 
gardener,  as  well  as  the  cause  of  the  pale  colour  of  plants 
that  grow  naturally  in  the  absence  of  light. 

When  exposed  to  the  sun,  the  leaves  of  these  sickly  vege- 
tables evolve  oxygen,  and  gradually  become  green  and 
healthy.  Woody  matter  is  formed,  and  their  stems  become 
strong  and  fibrous. 

The  light  of  thq  sun,  in  the  existing  economy  of  nature, 
is  indeed  equally  necessary  to  the  health  of  plants  and  of 
animals.  The  former  become  pale  and  sickly,  and  refuse 
to  perform  their  most  important  chemical  functions  when 
excluded  from  the  light.  The  bloom  disappears  from  the 
human  cheek,  the  body  wastes  away,  and  the  spirit  sinks, 
when  the  unhappy  prisoner  is  debarred  from  the  sight  of  the 
blessed  sun.  In  his  system,  too,  the  presence  of  light  is 
necessary  to  the  performance  of  those  chemical  functions 
on  which  the  healthy  condition  of  the  vital  fluids  depends. 

The  processes  by  which  oxygen  and  carbonic  acid  are 
respectively  evolved  in  plants  have  been  likened  by  physio- 
logists to  the  respiration  and  digestion  of  animals.  It  is 
supposed  that  when  plants  respire  they  give  off  carbonic 
acid  as  animals  do,  and  that  when  they  digest  they  evolve 
oxygen.  Respiration  also,  it  is  said,  proceeds  at  all  times, 
digestion  only  in  the  light  of  the  sun.  Though  these  views 
are  confessedly  conjectural,  they  are  founded  upon  striking 
analogies,  and  may  reasonably  be  entertained  as  matters  of 
opinion. 

6^.  Other  species  of  decomposition  also,  besides  that  of 
de-axidizatian,  go  on  in  the  leaf,  or  are  there  made  manifest. 
Thus  when  plants  grow  in  a  soil  containing  much  common 
salt  (chloride  of  sodium)  or  other  chlorides,  they  have  been 
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observed  by  Sprengel  and  Meyen  to  evolve  chlorine*  g^s 
from  their  leaves.  This  takes  place,  however,  more  during 
the  night  than  daring  the  day.  Some  plants  also  give  on 
ammonia,  (Lcctare  lY.,  p.  08,)  while  others  fcruciferse), 
according  to  Dr.  Daubeny.f  emit  from  their  leaves  pure 
nitrogen  gas. 

The  evolution  of  chlorine  implies  the  previous  decompo- 
•idon  of  the  chlorides,  which  have  been  absorbed  from  the 
soil;  while  that  of  nitrogen  may  be  due  to  the  decomposi- 
tion of  ammonia,  of  nitric  acid,  or  of  some  other  compound 
containing  nitrogen,  which  has  entered  into  the  circulation 
by  the  roots.  The  exact  mode  and  nature  of  the  decompo- 
sition of  these  substances,  and  the  purposes  served  by  them 
in  the  vegetable  economy,  will  come  under  our  considera- 
tion in  a  subsequent  lecture. 

The  leaf  has  been  described  (p.  107)  as  an  expansion  of 
the  bark.  It  consists  internally  of  two  layers  of  veins  or 
vascular  fibres  laid  one  over  the  other,  the  upper  connected 
with  the  wood— the  lower  with  the  inner  bark.  It  is 
covered  on  both  sides  by  a  thin  membrane  (epidermis)  the 
expansion  of  the  outer  bark.  This  thin  membrane  is  studded 
with  numerous  small  pores  or  mouths  (stomata)  which  vary 
in  size  and  in  number  with  the  nature  of  the  plant,  and 
with  the  circumstances  in  which  it  is  intended  to  grow.  It 
is  from  the  pores  in  the  upper  part  of  the  leaf  that  sob- 
Btances  are  supposed  to  be  exhaled,  while  every  thing  that 
is  inhaled  enters  by  those  which  are  observed  in  the  under 
side  of  the  lesf.^  This  opinion,  however,  is  not  universally 
received,  it  being  admitted  by  some  that  the  power  both  of 
absorbing  and  of  emitting  may  be  possessed  by  the  under 
surface  of  the  leaf. 

*  Chlorine  ii  t  f  ai  of  •  g reenith  yellow  colour,  haTing  an  mipleasaiit  ta«t* 
•imI  a  luffocatiiif  odour.  When  it  combioet  witb  ocber  tubataaeet  it  fima 
€kioridt9.  It  eaUta  in,  and  imperta  ita  aiBeU  to,  cAlpfiiia  i/linia,  wbieb  ia 
eaiplojed  fiir  diaiafectiag  purpoaes,  and  it  (brma  upwarda  of  half  the  weigfat 
of  oominon  aalt. 

t  Tkret  Lteturm  cm  ArricuUurt,  p.  59. 

t  Tbia  ia  illuatrated  by  tna  action  of  a  cabbage  leaf  on  «  woand.  If  the  op- 
per  aide  be  applied,  tbe  aore  ia  protected  and  quickly  bade,  while  the  uader 
aide  drawi  it  and  producea  a  conatant  diicharge. 
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7<'.  We  have  seen  tbat  tbe  chief  supply  of  the  fluids 
which  constitute  the  sap  of  plants,  is  derived  from  the  soil. 
The  under  side  of  the  leaves  of  plants  is  also  supposed  by 
some  to  be  capable  of  absorbing  moisture  from  the  air,  eithqp 
in  the  form  of  watery  vapour,  or  when  it  falls  upon  the 
leaves  in  the  state  of  dew.  Like  the  roots  also  they  may 
absorb  with  the  dew  any  substances  the  latter  happens  to 
hold  in  solution.  And  thus  plants  may,  io  some  degree,  be 
Dounshed  by  the  volatile  organic  substances  which  ascend 
from  the  earth  during  the  heat  of  the  day,  and  which  are 
again  in  a  great  measure  precipitated  with  the  evening 
dew. 

Whether  the  leaves  ever  absorb  nitrogen  gas  from  the  air 
has  not  as  yet  been  determined  with  sufficient  accuracy. 
If  they  do,  it  must  in  general  be  in  very  small  quantity  only, 
since  it  has  hitherto  escaped  detection.  In  like  manner 
it  is  doubtful  how  far  they  regularly  absorb  any  other  sub- 
stances which  the  air  is  supposed  to  contain.  Thus  it  is 
known  that  nitric  acid  exists  in  the  air  in  very  minute 
quantity.  Some  chemists  also  believe  that  ammonia  is  ex- 
tensively diffused  through  the  atmosphere  in  an  exceeding- 
ly diluted  state.  Do  the  leaves  of  plants  absorb  these  sub- 
stances ?  Is  the  absorption  of  them  one  of  the  constant  and 
necessary  functions  of  the  leaves  1  The  reply  to  these 
questions  must  be  very  uncertain,  and  any  principle  which 
professes  to  be  based  upon  such  a  reply  must  be  regarded 
only  as  a  matter  of  opinion. 

8°.  The  petals  or  flower-leaves  perform  a  somewhat  dif- 
ferent function  from  those  of  the  ordinary  leaves  of  a  plant. 
They  absorb  oxygen  at  all  times — though  more  by  day 
than  by  night — and  they  constantly  emit  carbonic  acid. 
Tbe  bulk  of  the  latter  gas  evolved,  however,  is  less  than 
tbat  of  the  oxygen  taken  in.  The  absorption  of  oxygen  gas, 
and  the  constant  production  of  carbonic  acid,  is,  lu  some 
flowers,  so  great  as  to  cause  a  perceptible  increase  of  tem- 
perature— and  to  this  slow  combustion^  so  to  speak,  the  pro- 
per heat  observed  in  the  flowers  of  many  plants  has  beea 
attributed. 

According  to  soma  authors,  the  flower-leaves  also  erf^it 

12» 
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imre  nitrogen  gas.*  This  fact  baa  not  yet  been  determined 
Dy  a  sufficient  number  of  accurate  experiments  ;  it  is  in  ac- 
cordance, however,  with  the  results  of  Bonssingault  that, 
'  when  a  plant  flowers  and  approaches  to  maturity,  the  nitro- 
gen it  contains  becomes  less.  If  confirmed,  this  evolution 
of  nitrogen  would  throw  an  interesting  light  on  the  most  ad- 
vantageous employment  of  green  crops,  both  for  the  pui> 
poses  of  manure  and  for  the  feeding  of  cattle. 

9<>.  When  the  leaves  of  a  plant  begin  to  decay,  either  na- 
turally as  in  the  autumn,  or  from  artificial  or  accidental 
causes,  they  no  longer  absorb  and  decompose  carbonic  acidt 
even  under  the  influence  of  the  sun's  rays.  On  the  con- 
trary, they  absorb  oxygen,  like  the  petals  of  the  flower,  new 
compounds  are  formed  within  their  substance — their  green 
eolonr  disappears-^-they  become  yellow*-they  wither,  die, 
and  drop  from  the  tree — ^their  final  function,  as  the  organs 
of  a  living  being,  is  discharged^  They  then  undergo  new 
changes,  are  subjected  to  a  new  series  of  influences,  and 
are  made  to  serve  new  purposes  in  the  economy  of  nature. 
These  we  shall  hereafter  find  to  be  no  less  interesting  mad 
important  in  reference  to  a  further  end,  than  are  the  func- 
tions of  the  living  leaf  to  the  growth  and  nourishment  of  the 
plantt 

§  6.  FuMcHcntqftkekark. 

The  inner  bark  being  connected  with  the  under  lay^r  of 
vessels  in  the  leaf,  receives  from  them  the  sap  after  it  haa 
been  changed  by  the  action  of  the  air  and  lights  and  trans- 
mits it  downwards  to  the  root. 

The  outer  bark,  especially  in  young  twigs  and  in  the 
stalks  of  the  grasses,  so  closely  resembles  the  leaves  in  ita 
appearance,  that  we  can  have  no  difficulty  in  admitting  that 
it  must,  not  unfrequently,  perform  similar  functions.  In 
the  Cactus,  the  Stapelis,  and  other  plants  which  produce 
no  true  leaves,  this  outer  bark  seems  to  perform  all  the 

«  Spren^l  Chemie,  II.,  p.  347/ 

t  See  fubtequent  lecture,  "  On  tk€  Um  of  tki  duay  cf  wgmmic 
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Ftinctions  which  in  other  Tegetable  tribes  are  speetallj 
assigned  to  the  abundant  foliage.  During  its  descent 
through  the  inner  bark,  therefore,  the  sap  must  in  very 
many  cases  undergo  chemical  changes,  more  or  leas  analo- 
gous to  those  which  usually  take  place  in  the  leaf. 

It  is  by  means  of  the  inner  bark  that  the  stems  €»f  trees, 
such  as  our  forest  and  fruit 'trees,  are  enlarged  by  the  depo- 
sition of  annual  layers  of  new  wood.  The  woody  fibre  is 
formed  or  prepared  in  the  leaf,  and  as  the  sap  descends  it  is 
deposited  beneath  the  inner  surface  of  the  inner  bark*  It 
thus  happens  that,  as  the  sap  descends,  it  is  gradually  de-^ 
prired  of  the  substances  it  held  in  solution  when  it  left  the 
leaf,  and  in  consequence  it  becomes  difficult  to  say  how 
much  of  the  change,  which  the  sap  is  found  to  have  under- 
gone when  it  reaches  the  root,  is  due  to  chemical  transfor- 
mations produced  during  its  descent,  and  how  much  to  the 
deposition  of  the  woody  fibre  and  other  matters  it  has  part- 
ed with  by  the  way. 

Among  other  evidences  of  such  changes  really  taking 
place  during  the  descent  of  the  sap»  I  may  mention  an  ob- 
servation of  Meyen  (Jahresbericht,  1839,  p.  27),  made  in  the 
course  of  his  experiments  on  the  re-production  of  the  bark 
of  trees.  In  these  experiments  he  enclosed  the  naked  wood 
in  strong  glass  tubes,  and  in  three  cases  out  of  eight  the 
tubes  were  burst  and  shattered  in  pieces.  This  could  only 
have  arisen  from  the  disengagement  of  gaseous  substances, 
the  result  of  decomposition.  While,  therefore,  such  gases 
as  enter  by  the  roots  or  are  evolved  in  the  vessels  of  the  wood 
during  the  ascent  of  the  sap,  escape  by  the  leaf  along  with 
those  which  are  disengaged  in  the  leaf  itself,  it  is  probable 
that  those  which  are  produced  as  the  result  of  changes  in 
the  bark,  descend  with  the  downward  sap,  and  are  dis- 
charged by  the  root.* 

In  the  bark  of  the  root  it  is  probable  that  still  further 
changes  take  place— *  and  of  a  kind  which  can  only  be 
effected  during  the  absence  of  light.     This  is  rendered 

^Sprengel  says  tfaat.tbe  stems,  vnd  twigs,  and  the  iitalks  of  the 
grasses,  all  absorb  oxjrgjso  ajid  give  off  oarbooio  mdiL-^Ckewus,  IL,  p. 
341. 


140  FUNCTIONS  or  THE  ROOT  HAT  BE  HODIFIK0 

probable  by  the  fact  that  the  bark  of  the  root  fre<iueot- 
Jy  contains  substances  which  are  not  to  be  met  with  in  any 
other  part  of  the  plant.  Thus  from  the  bark  of  the  fresh 
root  of  the  apple  tree  a  substance  named  phloridzine^  pos- 
sessed of  considerable  medical  virtues,  may  be  readily  ex- 
tracted, though  it  does  not  exist  in  the  bark  either  of  the 
stem  or  of  the  branches. 

In  fine,  as  the  food  which  is  introduced  into  the  stomachs 
of  animals,  undergoes  continual  and  successive  chemical 
changes  during  its  progress  through  the  entire  elementary 
canal— so,  numerous  phenomena  indicate  that  the  sap  of 
plants  is  also  subjected  to  unceasing  transformations, — 
in  the  root  and  in  the  stem  as  well  as  in  the  leaves, — at  one 
time  in  the  dark,  at  another  under  the  influence  of  the  son's 
rays, — exposed  when  in  the  leaf  to  Che  full  action  of  the  air, 
— and  when  in  the  root  almost  wholly  secluded  from  its 
presence ; — the  new  compounds  produced  in  every  instance 
Deing  suited  either  to  the  nature  of  the  plant  or  the  wants 
and  functions  of  that  part  of  it  in  which  each  transforma- 
tion takes  place. 

To  some  of  these  transformations  it  will  be  necessary  to 
advert  more  particularly,  when  we  come  to  consider  the 
special  changes  by  which  those  substances  of  which  plants 
chiefly  consist,  are  formed  out  of  these  compounds  on  which 
they  chiefly  live. 

%  7.  Circunuiances  hy  which  thejunctums  of  the  varums  parU 

ofplanU  are  modified. 

Plants  grow  more  or  less  luxuriantly,  and  their  several 
parts  are  more  or  less  largely  developed,  in  obedience  to 
numerous  and  varied  circumstances. 

I.  In  regard  to  the  special  functions  of  the  root,  we  have 
already  seen  that  the  access  of  atmospheric  air  is  in  aome 
cases  indispensable,  while  in  others,  by  shooting  vertically 
downwards,  the  roots  appear  to  shun  the  approach  of  either 
air  or  light.  It  is  obvious  also  that  a  certain  degree  of 
moisture  in  the  soil,  and  a  certain  temperature,  are  neces- 
sary to  the  most  healthy  discharge  of  the  functions  of  tbe 
root.    In  hot  weather  the  plant  droops,  because  the  roots 
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do  not  absorb  water  from  the  soil  with  sufficient  rapidity. 
And  though  it  is  probable  that,  at  every  temperature  above 
that  of  absolute  freezing,  the  food  contained  in  the  soil  ia 
absorbed  and  transmitted  more  or  less  slowly  to  the  stem, 
yet  it  is  well  known  that  a  genial  warmth  in  the  soil  stimu- 
lates the  roots  to  increased  activity.  The  practice  of  gar- 
deners in  applying  hoUom  heat  in  the  artincial  climate  of 
the  green-house  and  conservatory  is  founded  on  this  well 
known  principle. 

But  the  nature  of  the  soil  in  which  plants  grow  has  also 
much  influence  on  the  way  in  which  the  functions  of  the 
root  are  discharged.  As  a  general  fact  this  also  is  well 
known,  though  me  special  qualities  of  the  soil  on  which  the 
greater  or  less  activity  o£  vegetation  depends,  are  far  from 
being  generally  understood.  If  the  soil  contain  a  sensible 
quantity  of  any  substance  which  is  noxious  to  plants,  it  is 
plain  that  their  roots  will  be  to  a  certain  degree  enfeebled, 
and  their  functions  in  consequence  only  imperfectly  dis- 
charged. Or  if  the  soil  be  deficient  either  in  organic  food, 
or  in  one  or  other  of  those  inorganic  substances  which  the 
plants  necessarily  require  for  the  production  of  their  several 
parts,  the  roots  cannot  perform  their  office  with  any  degree 
of  efficiency.  Where  the  necessary  materials  are  wanting 
the  builder  must  cease  to  work.  So  in  a  soil  which  con- 
tains no  silica,  the  grain  of  wheat  may  germinate,  but  the 
atalk  cannot  be  produced  in  a  natural  or  healthy  state,  since 
flilica  is  indispensable  to  its  healthy  construction. 

II.  The  ascent  of  the  sap  is  modified  chiefly  by  the  season 
of  the  year,  by  the  heat  of  the  day,  and  by  the  genus  and 
age  of  the  plant  or  tree. 

There  seems  reason  to  believe  that  the  plant  never  sleeps, 
that  even  during  the  winter  the  circulation  slowly  proceeds, 
though  the  first  genial  sunshine  of  the  early  spring  stimu- 
lates it  to  increased  activity.  The  general  increased  tem- 
perature of  the  air  does  not  produce  this  acceleration  in  so 
remarkable  a  manner  as  the  direct  rays  of  the  sun.  Thai 
0ap  will  flow  and  circulate  on  the  side  of  a  tree  on  which 
the  sunshine  falls,  while  it  remains  sensibly  stagnant  on  the 
other.  This  is  shown  by  the  cutting  down  similar  trees  at 
more  and  more  advanced  periods  uf  the  spring,  and  immers- 
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ing  their  lower  extremities  in  coloured  solutions.  The 
wood  aud  bark  on  one  aide  of  the  tree  will  be  coloured, 
while  on  the  other,  both  will  remain  unstained.  If  a  simi- 
lar difference  in  the  comparative  rapidity  of  the  circulation 
on  opposite  sides  of  a  trunk  or  branch  be  supposed  to  pre- 
vail more  or  less  throughout  the  year,  we  can  readily  ac- 
count for  the  annual  layers  of  wood  being  often  thicker  on 
the  one  half  of  the  circumference  of  the  stem  than  on  the 
other. 

The  sap  is  generally  supposed  to  flow  most  rapidly  daring 
the  spring,  but  if  trees  be  cut  down  at  different  seasons,  and 
immersed  as  above  described,  the  coloured  solution,  accord- 
ing to  Boucherie,  reaches  the  leaves  most  rapidly  ia  the 
autumn.* 

The  heat  of  the  day,  other  circumstances  being  the  same, 
materially  affects,  for  the  time,  the  rapidity  of  the  circula- 
tion. The  more  rapidly  watery  and  other  vapours  are  ex- 
haled from  the  leaves,  the  more  quickly  must  the  sap  flow 
upwards  to  supply  the  waste.  If  on  two  successive  days  the 
loss  by  the  leaves  be,  as  in  the  experiment  of  Hales,  above 
described,  (p.  129,)  as  2  to  3,  the  ascent  of  the  sap  must  be 
accelerated  or  retarded  in  a  similar  proportion.  Hence, 
every  sensible  variation  in  the  temperature  and  moisture  of 
the  air,  must  also,  to  a  certain  extent,  modify  the  flow  of 
the  sap  ;  must  cause  a  greater  or  less  transport  of  that  food 
which  the  earth  supplies,  to  be  carried  to  every  part  of  the 
plant,  and  must  thus  sensibly  affect  the  luxuriance  and 
growth  of  the  whole. 

*  Boucherie  maket  a  distinction,  not  hitherto  insisted  upon  by  pbysioUn 
giits,  between  the  circulation  on  the  surface  of  the  tree  by  which  the  buds  aod 
young  twigs  are  supported,  and  the  interior  circulation  which  is  not  perlvt 
until  a  later  period  of  the  year/  Hence  in  the  spring,  though  the  sap  ia  flow- 
ing rapidly  through  the  bark  and  the  newest  wood,  coloured  solutiona  wiQ 
not  penetrate  the  interior  of  the  tree  with  any  degree  of  rapidity.  lo  automn, 
on  the  other  hand — when  the  fear  of  approaching  winter  has  already  descend- 
ed upon  the  bark — thQ  time  of  most  active  circulation  has  only  arrived  for 
the  interior  layers  of  the  older  wood.  It  is  this  season  consequently  tiiat  be 
finds  most  fiivourable  for  impregnating  the  trunks  of  trees  with  those  soIuimmh 
which  are  likely  to  preserve  them  from  decay.— iliiH.  de  CMm,  ei  de  /'Ays. 
IxxiT.,  pt  135. 
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Bat  the  penistance  of  the  leares  is  a  generic  character, 
which  has  considerable  influence  upon  the  circulation  in  the 
evergreens.  In  the  pine  and  the  holly,  from  which  the 
leaves  do  not  fall  in  the  autumn,  the  sap  ascends  and  de* 
scends  during  all  the  colder  months, — at  a  slower  rate,  it  is 
true,  than  in  the  hot  days  of  summer,  yet  much  more  sen- 
sibly than  in  the  oak  and  ash,  which  spread  their  naked 
arms  through  the  wintery  air.  This  is  illustrated  by  the  ex- 
periments of  Boucherie,  who  has  observed  that  in  Decera- 
Der  and  January  the  entire  wood  of  resinous  trees  may  be 
readily  and  thoroughly  penetrated  by  the  spontaneous  as- 
cent of  saline  and  other  solutions,  into  which  their  stems 
may  be  immersed. 

III.  From  what  has  just  been  stated,  it  will  appear  that 
the  mechanical  functions  of  the  stem  are  subject  to  pre- 
cisely the  same  influences  as  the  ascent  of  the  sap.  As  the 
tree  advances  in  age,  the  vessels  of  the  interior  will  become 
more  or  less  obliterated,  and  the  general  course  of  the  sap 
will  be  gradually  transferred  to  annual  layers,  more  and 
more  removed  from  the  centre.  It  is  this  transference  of 
the  vital  circulation  to  newer  and  more  perfect  vessels  that 
enables  the  tree  to  grow  and  blossom  and  bear  fruit  through 
so  long  a  life.  In  animals  the  vessels  are  gradually  worn 
out  by  incessant  action.  None  of  them,  through  old  age, 
are  permitted  to  retire  from  the  service  of  the  body — and 
the  whole  system  must  stop  when  one  of  them  is  incapaci- 
tated for  the  further  performance  of  its  appointed  duties. 

In  regard  to  the  chemical  functions  of  the  stem,  it  is  ob- 
vious that  they  are  not  assigned  to  the  mere  woody  matter 
of  the  vessels  and  cells.  They  take  place  in  these  vessels, 
but  the  nature  and  extent  of  the  chemical  changes  them- 
selves must  be  dependant  upon  the  quantity  and  kinds  of 
matter  which  ascend  or  descend  in  the  sap.  The  entire 
chemical  functions  of  the  plant,  therefore,  must  be  depen- 
dent upon  and  must  be  modified  by  the  nature  of  the  sub- 
stances which  the  soil  and  the  air  respectively  present  to 
the  roots  and  to  the  leaves. 

IV.  In  describing  the  functions  of  the  leaf,  I  have  already 
had  occasion  to  advert  to  the  greater  number  of  the  circum- 
stances by  which  the  discharge  of  those  functions  is  most 
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materially  affected.  We  have  seen  that  the  purposes  served 
by  the  leaf  are  entirely  difierent  according  as  the  Baa  is 
above  or  below  the  horizon ;  that  the  temperatare  and  mois- 
ture of  the  air  may  indeed  materially  influence  the  rapidi- 
ty with  which  its  functions  are  discharged — but  that  the 
light  of  the  sun  actually  determines  their  nature.  Thus  the 
leaf  becomes  green  and  oxygen  is  given  off  in  the  presence 
of  the  sun,  while  in  his  absence  carbonic  acid  is  disengaged, 
and  the  whole  plant  is  blanched. 

How  necessary  light  is  to  the  health  of  plants  may  be  in- 
ferred from  the  eagerness  with  which  they  appear  to  long 
for  it  How  intensely  does  the  sun-flower  watch  the  daily 
course  of  the  sun, — how  do  the  countless  blossoms  nightly 
droop  when  he  retires, — and  the  blanched  plant  strive  to 
reach  an  open  chink  through  which  his  light  may  reach 
itl* 

That  the  toarmlh  of  the  sun  has  comparatively  little  to  do 
with  this  specific  action  of  his  rays  on  the  chemical  func- 
tions of  the  leaf,  is  illustrated  by  some  interesting  experi- 
ments of  Mr.  Hunt,  on  the  effect  of  rays  of  light  of  different 
colours  on  the  growing  plant.  He  sowed  cress  seed,  and 
exposed  different  portions  of  the  soil  in  which  the  seeds  were 
germinating,  to  the  action  of  the  red,  yellow,  green,  and 
blue  rays,  which  were  transmitted  by  equal  thicknesses  of 
solutions  of  these  several  colours.  **  After  ten  days,  there 
was  under  the  blue  fluid,  a  crop  of  cress  of  as  bright  a  green  as 
any  which  grew  in  full  light  and  far  more  abundant.  The 
crop  was  scanty  under  the  green  fluid,  and  of  a  pale  yelloi^, 
unhealthy  colour.  Under  the  yellow  solution,  only  two  or 
three  plants  appeared,  but  less  pale  than  those  under  the 
green, — while  beneath  the  red,  a  few  more  plants  came  up 
than  under  the  yellow,  though  they  also  were  of  an  un- 
healthy colour.     The  red  and  blue  bottles  being  now  mu* 

*  A  potato  has  been  observed  to  grow  tip  in  quest  of  light  from  the  bot- 
tom of  a  well  twelve  feet  deep— ^nd  in  a  dark  celler  a  sboot  of  20  fieri  ia 
length  has  been  met  with,  the  extremitj  of  which  had  reached  and  reated  «t 
an  open  window.  In  the  leaves  of  blanched  vegetables  peculiar  cfaesai. 
eal  compounds  are  formed.  Thus  in  the  stalk  of  the  potato  a  poiaoaoua 
substance  called  solanin  is  produced,  which  disappears  again  when  the 
stalk  is  exposed  to  the  light  and  becomes  green. 
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tuftUj  transferred,  tbe  crop  fonneriy  beneath  the  blue  in  a 
few  days  appeared  blighted,  while  on  the  patch  proTionsly 
exposed  to  the  red,  some  additional  pkmts  sprung  np.* 

Asides  the  lays  of  heat  and  of  light,  the  sun-beam  con- 
tains what  have  been  called  chemic&l  rays,  not  distinguisha- 
ble b^  our  senses,  but  capable  of  being  recognised  oy  th» 
chemical  effects  they  produce.  These  rays  appear  to  differ 
in  kind  as  the  rays  of  different  coloured  liffht  do.  It  is  to 
the  action  of  these  chemical  rays  on  the  leaf,  and  especially 
to  those  which  are  associated  with  the  blue  light  in  the  so- 
lar beam,  that  the  diemical  influence  of  the  sun  on  the  func- 
tions of  the  leaf  is  principally  to  be  ascribed. 

It  cannot  be  doubted  that  the  warmth  and  moisture  of  a 
tropical  climate  act  as  powerful  stimulants— assistants  it 
may  be— to  the  leaf,  in  the  absorption  of  carbonic  acid  from 
the  air,  and  in  that  rapid  appropriation  (assimilation)  of  its 
carbon,  by  which  the  growth  or  the  plant  is  hastened  and 
promoted.  But  the  bright  sun,  and  especially  the  chemical 
influence  of  his  beams,  must  be  regarded  as  the  main  asent 
in  the  wonderful  development  of  a  tropical  vegetation.  Un- 
der this  influence  the  growth  by  the  leaves  at  the  expense 
of  the  air  must  be  materially  increased,  and  the  plant  be 
rendered  less  dependent  upon  the  root  and  the  soil  for  the 
food  on  which  it  lives.t 

V.  The  rapidity  with  which  a  plant  grows  has  an  impor- 
tant influence  upon  the  share  which  the  bark  is  permitted  to 
take  in  the  general  nouiishment  of  the  whole.  The  green 
shoot  performs  in  some  degree  the  functions  of  the  leafl  In 

**  London  and  Edinburgh  Joumtd  of  Science,  Fehrmaiy,  1840. 

Might  not  our  cfaeap  blue  glait  bo  uaed  with  advantage  in  glaiing  hot- 
bonfes,  cooaeivatoriaay  &c.t 

t  The  efleet  of  continued  lonahine  may  be  often  teen  in  our  corn  fields  is 
May,  when  under  the  influence  of  propitioui  weather,  the  younc  plants  are 
ahooting  rapidly  up.  When  auch  a  ficud  is  bounded  by  a  lofty  hedge  ninniag 
nearly  north  and  toath,  the  ridgei  nearest  the  hedge  on  either  side  will  be  in 
the  shade  for  nearly  one-half  of  tbe  day,  and  will  invariably  appear  of  a  jpalor 
green  and  less  healthy  colour.  If  the  hedge  be  studded  with  oceasiooal  large 
trees,  the  spots  on  which  the  shadows  of  those  trees  rest  will  be  indicated  bf 
'distinct  pale  green  patches  stretching  ftvther  into  tbe  field  than  the  first,  aa4 
•onsetimea  even  ihu  the  seeood  lidges. 

13 
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vascular  plaiit«i  therefore,  which  in  a  congenial  climate  may 
almost  be  seen  to  grow,  the  entire  rind  of  a  tall  tree  may 
more  or  less  effectually  absorb  carbonic  acid  from  the  at- 
mosphere,  during  the  presence  of  the  sun.  The  broad 
leaves  of  the  palm  tree,  when  fully  developed,  render  the 
plant  in  a  great  degree  independent  of  the  soil  for  organic 
£uod — and  the  large  amount  of  absorbing  surfscein  the  long 
green  tender'  stalks  of  the  grasses,  and  of  their  tropical 
analogues,  must  materially  contribute  to  the  same  end. 
Hence  the  proportion  of  organic  matter  derived  from  the 
air,  in  any  crop  we  reap,  must  always  be  the  greater  the 
more  rapid  its  general  vegetation  has  been. 


It  13  a  fact  familiarly  known  to  all  of  you,  that,  besides 
those  circumstances  by  which  we  can  perceive  the  special 
functions  of  any  one  organ  to  be  modified,  there  are  many 
by  which  the  entire  economy  of  the  plant  is  materially  and 
simultaneously  affected.  On  this  fact  the  practice  of  agri- 
culture is  founded,  and  the  various  processes  adopted  by 
the  practical  farmer  are  only  so  many  modes  by  which  he 
hopes  to  influence  and  promote  the  growth  of^  the  whole 
plant,  and  the  discharge  of  the  functions  of  all  its  paits. 

Though  manures  in  the  soil  act  immediately  through  the 
roots,  they  stimulate  the  growth  of  the- entire  plant;  and 
though  the  application  of  a  top-dressing  may  be  supposed 
firat  to  affect  the  leuf,  yet  the  beneficial  result  of  the  expe- 
riment depends  upon  the  influence  which  the  dressing  may 
exercise  on  every  patt  of  the  vegetable  tissue. 

In  connection  with  this  part  of  the  subject,  therefore,  1 
shall  only  further  advert  to  a  very  remarkable  fact  men- 
tioned by  Sprengel,  which  seems,  if  correct,  to  be  suscepti- 
ble of  important  practical  applications.  He  states  that  it 
has  very  frequently  been  observed  in  Holstein,  that  iF, 
on  an  extent  of  level  ground  sown  with  corn,  some  fields  be 
marled,  and  others  left  un marled,  the  com  on  the  latter 
portions  will  grow  less  luxuriantltf  and  will  yield  a  poorer 
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arop  than  if  the  whole  had  been  unmarled.  Hence  be  adds, 
if  the  occnpierof  the  unmarled  6eld  would  not  have  a  suc- 
cession of  poor  crops,  he  must  mar!  his  land  also.* 

Can  it  really  be  that  nature  thus  rewards  the  dilig^ent 
and  the  improver  )  Do  the  plants  which  grow  on  a  soil  in 
higher  condition  take  from  the  air  more  than  their  due 
share  of  the  carbonic  acid  or  other  vegetable  food  it  may 
contain,  and  leave  to  the  tenants  of  the  poorer  soil  a  less 
proportion  than  they  might  otherwise  draw  from  it  ?  How 
many  interesting  reflections  does  such  a  fact  as  this  suggest ! 
What  new  views  does  it  disclose  of  the  fostering  care  of  the 
great  Contriver— of  his  kind  encouragement  of  every  spe- 
cies of  virtuous  labour  T  Can  it  fail  to  read  to  us  a  new  an,d 
special  lesson  on  the  benefits  to  be  derived  from  the  appli- 
cation of  skill  and  knowledge  to  the  cultivation  of  the  soill 

*  Wenn  n&mllch  aufeiner  Feldflur  Stuck  um  Stuck  gemergelt  worden  Mt, 
to  wftchten  die  FrAchte  auf  den  nicht  gemergeken  Feldem,  aach  wenn  hier 
alle  fruberon  verbaltniMe  ganz  dte-delben  bleiben,  nicht  mehr  so  gue,  all 
•bedem ;  wodurcb  die  Be«iizer  jencr  Felder,  wenn  sie  nicht  fortwahread 
geringe  Erndien  bahen  wollen,  genothigt  sind,  gleichfalls  zu  mergeln.  Aut 
dieser  bdch;ft  Tichtigen  Erscheinang,  die  man  $ehr  kaufig  in  HolAteinschen 
bemerkt,  &c. — Sprengel  Chemiefur  Landmrtfuckafti.  p.  303.      -T^"**  ^ 
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SabttancM  of  which  planu  chiefly  con•ts^— Woody  fibre,  Starch,  Gum, 
Sugtrt-«Their  nratual  ralftdoiM  and  transformatiooa— Gluten,  Vegetable 
Albamen,  Dtaitase— Acetic,  Tartaric,  MaUc,  Citric,  and  Oxalic  Acids- 
General  obsenrations. 

From  wbaC  has  been  stated  regarding  the  structure  of 

Slants,  it  will  be  understood  in  what  way  the  food  is  intro* 
uced  into  their  circulation*  The  next  inquiry  appears  to 
be  how — ^by  what  chemical  changes — ^is  the  food,  when  in- 
troduced, converted  into  those  substances  of  which  plants 
chiefly  consist.  But  in  order  that  we  may  clearly  under^ 
stand  this  point,  it  is  necessary  that  we  know  first  the  na- 
ture* and  chemical  constitution  of  the  substances  which  are 
most  largely  formed  from  the  food  in  the  interior  of  the 
plant.  To  this  point,  therefore,  I  must  previously  direct 
your  attention. 

If  you  were  to  collect  all  the  varieties  of  plants  which  are 
within  vour  reach— ^whether  such  as  are  cultivated  and  used 
for  food— or  such  as  grow  more  or  less  abundantly  in  a  wild 
state— and  were  to  extract  their  several  juices,  and  to  sepa- 
rate from  each  of  these  juices  the  chemical  compounlds  it 
contains — ^you  would  gradually  gather  together  so  many 
different  substances,  all  possessed  of  different  properties^ 
that  you  would  scarcely  be  able  to  number  them. 

But  if  at  the  same  time  you  compared  the  weight  of  each 
substance  thus  collected  with  that  of  the  entire  plant  from 
which  it  is  derived,  you  would  find  also  that  the  quantity  of 
many  of  them  is  comparatively  so  minute  that  only  a  Tery 
small  portion  of  the  vital  energies  of  the  plant  can  be  ex.- 
pendea  in  producing  them,— that  they  may  be  entirely  neg- 
lected in  a  general  consideration  of  die  great  products  of 
vegetation.  Thus  though  quinine  and  morphine,  the  active 
ingredients  in  Peruvian  bark  and  in  opium,  are  most  inte- 
Testing  substances*  from  their  effect  upon  the  human  consti« 
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totiooi  and  their  use  in  OMdicine,  yet  they  lorm  so  small  a 
fractioQ  of  the  mass  of  the  eotire  trees  or  plants  from  which 
tbey  are  extracted,  that  it  would  be  idle  to  attempt  to  con- 
vey Ui  you  any  notion  of  the  way  in  which  plants  grow  and 
are  fed,  by  showing  you  how  such  substances  as  these  are 
produced  from  the  food  on  which  plants  live. 

While,  however,  this  examination  would  satisfy  yon  that 
almost  every  species  of  plant  produced  in  small  quantity 
one  or  more  substances  peculiar  to  itself,  you  would  observe, 
at  the  same  time,  that  every  plant  yielded  a  certain  quantity 
of  two  or  three  substsuces  common  to  and  produced  by 
all,  and  in  most  cases  constituting  the  greater  portion  of 
their  bulk.     Thus  all  trees  and   herbs  produce  wood  or 
woody  fibre,  and  of  this  substance   you  know  that  their 
chief  bulk  consists.     Again,  all  the  grains  and  roots  you 
cultivate  contain  starch  in  large  quantity,  and  the  produc- 
tion of  this  starch  is  one  of  the  great  objects  of  the  art  of 
culture.     The  juices  of  trees,  and  of  grasses,  and  of  cul- 
tivated roots,  contain  sugar  and  gum,  and  sometimes  in 
such  quantity  as  to  make  their  extraction  a  source  of  profit 
both  to  the  grower  and  to  the  manufacturer.     The  flour  of 
g^rain  contains  sugar  also,  and  along  with  it  two  other  sub- 
stances, in  small  quantity,  gluten  and  vegetable  albumen, 
-virhich  are  of  much  importance  in  reference  to  the  nutritive 
qnaliiies  of  the  dififerent  varieties  of  fluur.     Sugai'  ia  alsa 
present  in  the  juices  of  fruits,  but  it  is  there   associated 
with  various  acid  (sour)  substances  which  disappear  to  a 
certain  extent  or  change  into  sugar  as  the  fruit  ripens. 

Of  these  few  substances  the  great  bulk  of  vegetables  of 
all  kinds  consists.     They  constitute  nearly  the  whole  mass 
of  those  various  crops  which  the  art  of  culture  studies  ta 
raise  for  the  use  of  man  and  beast..     To  the  study  of  these 
substances,  therefore,  I  shall  at  present  confine  your  atten- 
tion, and  if  I  shall  afterwards  be  able  to  make  you  under- 
stand how  these  few  compound  bodies  are  produced  in  the 
interior  of  a  plant  from  the  food  it  takes  up,  I  shall  succeed 
in  conveying  to  you  as  much  information  in  regard  to  this 
most  interesting  branch  of  our  subject  as  will  be  necessary 
to  a  general  explanation  not  only  of  the  natural  growth  and 
increase  of  plants,  but  of  the  nature  and  efficacy  of  those 
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probable  by  the  fact  that  the  bark  of  the  root  frequent- 
ly contains  substances  which  are  not  to  be  met  with  in  any 
other  part  of  the  plant.  Thus  from  the  bark  of  the  fresh 
root  of  the  apple  tree  a  substance  named  phJoridzine,  pos- 
sessed of  considerable  medical  virtues,  may  be  readily  ex- 
tracted, though  it  does  not  exist  in  the  bark  either  of  the 
stem  or  of  the  branches. 

In  fine,  as  the  food  which  is  introduced  into  the  stomachs 
of  animals,  undergoes  continual  and  successive  chemical 
changes  during  its  progress  through  the  entire  elementary 
canal— so,  numerous  phenomena  indicate  that  the  sap  of 
plants  is  also  subjected  to  unceasing  transformations, — 
m  the  root  and  in  the  stem  as  well  as  in  the  leaves, — ^at  one 
time  in  the  dark,  at  another  under  the  influence  of  (he  sun's 
rays, — exposed  when  in  the  leaf  to  the  full  action  of  the  air, 
— and  when  in  the  root  almost  wholly  secluded  from  its 
presence ; — the  new  compounds  produced  in  every  instance 
being  suited  either  to  the  nature  of  the  plant  or  the  wants 
and  functions  of  that  part  of  it  in  which  each  transforma- 
.  tion  takes  place. 

To  some  of  these  transformations  it  will  be  necessary  to 
advert  more  particularly,  when  we  come  to  consider  the 
special  changes  by  which  those  substances  of  which  plants 
chiefly  consist,  are  formed  out  of  these  compounds  on  which 
they  chiefly  live. 

§  7.  Circumstances  hy  tchieh  the  Junctions  of  the  various  partt 

of  plants  art  modijied. 

Plants  grow  more  or  less  luxuriantly,  and  their  several 
parts  are  more  or  less  largely  developed,  in  obedience  to 
numerous  and  varied  circumstances. 

I.  In  regard  to  the  special  functions  of  the  root,  we  have 
already  seen  that  the  access  of  atmospheric  air  is  in  some 
cases  indispensable,  while  in  others,  by  shooting  verticallj 
downwards,  the  roots  appear  to  shun  the  approach  of  either 
air  or  light.  It  is  obvious  also  that  a  certain  degree  of 
moisture  in  the  soil,  and  a  certain  temperature,  are  neces- 
sary to  the  most  healthy  discharge  of  the  functions  of  ibe 
root.    In  hot  weather  the  plant  droops,  because  the  roots 
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do  not  absorb  water  from  the  soil  with  sufficient  rapidity. 
And  though  it  is  probable  that,  at  every  temperature  above 
that  of  absolute  freezing,  the  food  contained  in  the  soil  is 
absorbed  and  transmitted  more  or  less  slowly  to  the  stem, 
yet  it  is  well  known  that  a  genial  warmth  in  the  soil  stimu- 
lates the  roots  to  increased  activity.  The  practice  of  gar- 
deners in  applying  hoUom  heat  in  the  artificial  climate  of 
the  green-house  and  conservatory  is  founded  on  this  well 
known  principle. 

But  the  nature  of  tbe  soil  in  which  plants  grow  has  also 
much  influence  on  the  way  in  which  the  functions  of  the 
root  are  discharged.  As  a  general  fact  this  also  is  well 
known,  though  the  special  qualities  of  the  soil  on  which  tbe 
greater  or  less  activity  of  vegetation  depends,  are  far  from 
being  generally  understood.  If  the  soil  contain  a  sensible 
quantity  of  any  substance  which  is  noxious  to  plants,  it  is 
plain  that  their  roots  will  be  to  a  certain  degree  enfeebled, 
and  their  functions  in  consequence  only  imperfectly  dis- 
charged. Or  if  the  soil  be  deficient  either  in  organic  food, 
or  in  one  or  other  of  those  inorganic  substances  which  the 
plants  necessarily  require  for  the  production  of  their  several 
parts,  the  roots  cannot  perform  their  office  with  any  degree 
of  efficiency.  Where  the  necessary  materials  are  wanting 
the  builder  must  cease  to  work.  So  in  a  soil  which  con- 
tains no  silica,  the  grain  of  wheat  may  germinate,  but  tbe 
atalk  cannot  be  produced  in  a  natural  or  healthy  state,  since 
silica  is  indispensable  to  its  healthy  construction. 

II.  The  ascent  of  the  sap  is  modified  chiefly  by  tbe  season 
of  the  year,  by  the  heat  of  the  day,  and  by  the  genus  and 
age  of  the  plant  or  tree. 

There  seems  reason  to  believe  that  the  plant  never  sleeps, 
that  even  during  the  winter  the  circulation  slowly  proceeds, 
though  the  first  genial  sunshine  of  the  early  spring  stimu- 
lates it  to  increased  activity.  The  general  increased  tem- 
perature of  the  air  does  not  produce  this  acceleration  in  so 
remarkable  a  manner  as  the  direct  rays  of  the  sun.  Thai 
•ap  will  flow  and  circulate  on  the  side  of  a  tree  on  which 
the  sunshine  fails,  while  it  remains  sensibly  stagnant  on  the 
other.  This  is  shown  by  the  cutting  down  similar  trees  at 
more  and  more  advanced  periods  of  the  spring,  and  immera- 
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It  18  eaiseediftgly  diiiioQlt  in  any  ease  to  separate  the  eel- 

lalar  from  the  incrasting  matter  of  wood,  eo  as  to  obtain 
the  means  of  determining  by  analysis  the  exact  difference 
in  their  elementary  constitution.  Under  the  impression 
that  in  very  light  and  porous  substances  he  should  obtain 
the  cellular  maiter  in  a  purer  form,  Payen  analyzed  the 
fibre  of  cotton — the  piih  of  the  elder,  the  cellular  substance 
of  the  cucumber,  of  the  mushroom,  and  of  other  fungi,  the 
spongy  matter  which  forms  the  extremities  of  the  roots  of 
plants,  and  various  other  similar  substances,  and  in  all  these 
varieties  be  found  the  hydrogen  and  oxygen  to  exist  in  the 
proportions  to  form  water.  The  mean  of  his  analyses  was 
very  nearly  as  follows — which  for  the  purpose  of  compari- 
son I  shall  contrast  with  that  of  Dr.  Fraut : 

of  separating  it  from  the  cellular  matter  wu  by  treating  the  finely  rasped 
wood  (of  the  oak  and  beech)  with  nitric  acid,  which  dissolved  out  the  in- 
crusting  matter  and  left  the  cellular  matter  behind.  His  second  mode  wa« 
to  digest  the  wood  with  dilute  sulphuric  acid,  by  which  the  cellular  mauer* 
was  dissolvod  out,  and  the  incrusting  matter  left.  It  is  obvious,  howeT«r, 
that  no  reliance  whotever  can  he  placed  on  the  analyses  of  substances  so 
treated,  nincc  tbey  cannot  fail  to  have  undergone  a  chemical  change  by  be- 
ing exposed  to  the  action  of  these  strong  acids.  Further  examination  has 
satisfied  Payen  that  the  incrusting  matter  consists  of  at  least  /Aree  substances, 
of  which  one  is  soluble  in  water,  alcohol,  and  ether,  another  in  alcohol  only, 
while  the  third  is  insoluble  in  any  of  these  liq^uidd.  They  are  composed,  ac- 
cording to  this  analyses,  of 

Soluble  in  Soluble  in 

Iflsoluble.  alcohol  only.        water  and  aiioolial. 

Carbon  .         .  43  628  6U-63 

Hydrogen     .        .  6  5*9  704 

Oaygen         .        .  46'  31-3  24  43» 

100  100  100 

It  fs  impossible  to  say  how  far  the  substances  analyzed  by  Payen  are  to  be 
coofidered  oa  pure,  or  as  actually  existing  in  the  pores,  or  in  the  incrusting 
matter  of  the  woody  fibre,  but  it  is  obvious  that  the  presence  of  a  variable 
quantity  of  such  substances  will  necessarily  cause  that  excess  of  hydrogen, 
in  the  entire  wood,  which  appears  in  the  analysis  of  the  ebony^  walnut,  oek^ 
and  beech  woods,  given  in  the  text.  That  such  an  excess  of  hydrogen  above 
what  is  necessary  to  form  water  with  the  oxygen,  does  exist  in  the  wood  of 
most  trees  in  iu  natural  slate,  is  a  fiict  to  which  it  will  be  important  to  adirert 
when  we  consider  hereafter  the  chemical  changes  which  the  foodamief^< 
10  the  interior  of  the  plant. 

[*  Meyen's  JakreMbericht,  1839,  p.  Id] 
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Woody  ftbro  of  box  aad  Oailolar  Hattor  of  vmm- 
wiJlow— Dr.  ProttC  Itf  phint*— Pi^o. 

Carbon  .        .        .        5000  44*80 

Hydrogen     .        .  6*55  6-20 

Oxygen         .        •  44*4&  .49-0 

100  100* 

la  botb  these  analyses  the  hydrogen  is  very  nearly  8 
times  that  of  the  oxygen.  All  these  substances*  therefore, 
may  be  represented  by  carbon  and  water,  though  the  woody 
fibre  of  Dr.  Prout  contains  5  per  cent,  more  carbon  than 
the  cellular  matter  of  Payen. 

If  we  calculate  the  number  of  equivalents  of  each  ele- 
ment contained  in  these  two  varietiest  of  vegetable  fibre 
composed  as  above  exhibited,  we  find  in  the  one  12  of  car- 
bon, 8  of  hydrogen,  and  8  of  oxygen ;  in  the  other,  12  of 
carbon,  10  of  hydrogen,  and  10  of  oxygen.  They  may, 
therefore,  be  conveniently  represented  by  the  following  for- 
mulae: 

Woody  Pibrb by  C**  IF  C? 

Cellular  Fibre  .  .  :  .  by  C»*  H*»  C* 

It  is  not  unlikely  that  both  of  these  forms  of  matter  may 
exist,  as  well  in  the  perfect  wood  of  trees  as  in  the  less  con- 
solidated pith  of  the  elder,  or  in  the  fibres  of  cotton — and 
that  they  may  occur  intermingled  also  in  varying  proportions 
vnth  other  substances,  containing  hydrogen  lA  excess.}; 

I  have  spoken  of  these  varieties  of  woody  fibre  as  conati- 
tuting  a  lai^e  portion  of  the  entire  mass  of  vegetable  matter 

*  Meyen's  Jahre^ericlUj  1839,  p.  10. 

t  This  u  done  very  simply  by  dividing  the  carbon  by  C,  and  the  oxygen  by. 
8  (see  page  42),  thus- 
Carbon      ...         50  -t-Oas  8*83  C  wbioh  nmnbers  ^  12 
Hydrogen      .    •      5*55        «s  5*55  ?    are  to  each     >  8 
Oxygen     .    .    .    44*45 -t- 8 «  5-55  (       other  as        )  8 

t  The  existence  of  a  tariety  of  cellular  fibre  identical  in  coostitntimi 
with  common  starch,  as  this  of  Payen  is,  (see  subsequent  seodon,  p»  155) 
was  previously  rendered  probable  by  the  observations  of  Dr.  ScUeiden, 
that  tne  embryo  of  the  Sehoiia  lat^oHa,  consisting  of  pores  aad  vessels, 
the  sides  of  which  exhibit  distinct  concentric  layers,  la  entirely  soluble 
in  water,  with  the  exception  of  the  outer  rind ;  and  that  its  sohition  b»* 
comes  blue  on  the  addition  of  iodine.  It  would  appear  as  if  the  cellular 
substances  were  in  this  case  wholly  composed  of  starclk  {Pogg^ndorft 
AnnaUn,  xUii.,  p.  898.)    It  may,  however,  be  in  such  a  state  c?  tenujy^  ia 
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produced  daring  the  growth  of  pTants.  That  such  is  the  case 
in  the  enure  gigantic  vegetable  productions,  of  which  the 
great  forests  consists,  is  sufficiently  evident,  and  so  far  the 
general  statement  is  easily  seen  to  be  correct.  It  is  also  true 
of  the  dried  stalks  of  the  grasses  and  of  the  corn-growing 
plants,  of  which  it  forms  nearly  one-half  the  weight,— but 
m  roots  and  in  some  plants  which  are  raised  for  food,  the 
quantity  of  woody  fibre,  especially  in  the  earlier  stages  of 
their  growth,  is  comparatively  small  •  Thus  in  the  beetroot 
it  forms  only  3  per  cent,  of  the  whole  weight  when  taken 
from  the  ground.     If  suffered  to  remain  in  the  soil  till  it  be- 

tion  embryo  of  this  plant,  an  to  be  (^nsily  changed  into  starch  by  the  action  of 
hot  water;  and  it  is  »lil]  by  no  meant  certain  that  the  cellular  fibre  anatyxed 
by  Payen  may  not  also  have  undergouea  change  by  the  treatment  to  which  It 
was  provinu«iy  aubjerlod.  I  am  uniible,  tiowever,  to  speak  decidedly  on  thm 
subject,  as  1  h?ive  not  seen  the  details  of  M-  Payen*s  several  papera.  C^^* 
aubiicquent  section,  on  ike  mniual  traHiformaUonM  of  woody  Jibrt,  ttarck, 
gum,  and  tugar,  p.  163.) 

*  The  following  table  shows  the  per  centage  of  woody  fibre  contained  in 
some  common  plants  in  the  green  state,  and  when  dri^  in  the  air,  and  at 
212»: 

m  THE  CaSBIf  STATB. 

Driad  la    Dried  at    Woady        w.*.^ 
the  air.       2I2-*  fihre.  waiar. 

per  eaat.  par  cent,  par  eent.  par  eaat. 
50  —  —  — 


Barley  straw,  ripe  • 

Oat  straw,       do. 

Maize  straw,  do. 

Stalks  of  the  field  pea 

Fi«ld  bean  atraw,  « 

"White  turnip, 

Common  beet  f  beta  vulgaria) 

Young  twigs  of  oommon  furae 

Kape  straw,  ripe     . 

Tare  straw,   do.      , 

Vetch  plant  (v.  sativa) 

Do.        ^v.  cracca)  in  flower 
Do.        (v.  narboneusis)  do. 

White  lupin,  in  flower,  • 

Looeme,  in  flower, 

Ryegrass,  do. 

Red  clover,         do. 

White  clover,     do. 

Trefoil  (medium)  do. 

Sainfoin  (esparsette) 

Trefoil  (agrarium)  in  flower    . 
Po.  (rubent)  do 


—  47  —  — 

24  —  —  — 


—  -  101 


80 


51  —  —  — 


87 
42 


55 


3 

92 

3 

86 

24 

50 

121 

77 

— 

— 

101 

774 

5i 

68 

Hi 

80 

7 

86 

9 

73 

U 

6S 

7 

7^ 

41 

81 

81 

7S 

7 

76 

12 

68 

15 

60 
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comes  old,  or  if  tbe  growth  be  very  slow,  the  beet  becomes 
more  woody,  as  many  other  roots  do,  and  the  quantity  of 
ligneous  fibre  increases. 

§  2.  Starch — its  constitution  and  properties. 

Next  to  woody  fibre,  starch  is  probably  the  most  abun- 
dant product  of  vegetation.  To  the  agriculturist  it  is  a 
substance  of  much  more  interest  and  importance  than  the 
woody  or  cellular  fibre,  from  the  value  it  possesses  as  one 
of  the  staple  ingredients  in  the  food  of  man  and  animals — 
and  from  its  forming  a  large  portion  of  the  weight  of  the 
various  grains  and  roots  which  are  the  principal  objects  of 
the  art  of  culture. 

lo.  When  the  flour  of  wheat,  barley,  oats,  Indian  corn, 
&c.,  is  mixed  up  into  a  dough  with  water,  and  this  dough 
washed  on  a  linen  cloih  with  pure  water,  a  milky  liquid 
passes  through,  from  which,  when  set  aside,  a  white  pow- 
der gradually  falls.  This  white  powder  is  the  starch  of 
wheaten  or  other  fiour. 

2^.  When  the  pith  of  the  sago  palm  is  washed,  in  a  simi- 
lar manner,  with  water  upon  a  fine  sieve,  a  white  powder 
is  deposited  by  the  milky  liquid  which  passes  through. 
This,  when  collected,  forced  through  a  metal  sieve  to  granu- 
late (or  corn)  it,  and  dried  by  agitation  over  the  fire,  is  the 
sago  of  commerce. 

3^.  When  the  raw  potato  is  peeled  and  grated  on  a  fine 
£^rater,  and  the  pulp  thus  produced  well  washed  with  water, 
dotato  starch  is  obtained  in  the  form  of  a  fine  white  pow- 
der, consisting  of  rounded,  glossy  and  shining  particles. 

4^.  When  the  roots  of  the  Maranta  Arundinacea  of  the 
'West  India  Islands  are  grated  and  washed  like  the  potato, 
tbey  yield  the  arrow  root  of  commerce.  From  the  root  of 
(b^  Manioc,  the  cassava  is  procured  by  a  similar  process, 
and  this,  when  dried  by  agitation  on  a  hot  plate,  is  the  ta* 
fn€fca  of  the  shops.  By  this  method  of  drying,  both  sago 
a0<)  tapioca  undergo  a  partial  change,  which  will  be  ex- 
plained in  a  subsequent  section  (see  p.  165.) 

QChe  substances  to  which  these  several  names  are  given 
are*  when  pure,  similar  in  iheir  properties,  and  ideatical  in 
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their  chemical  constitution.  They  are  all  colourless,  taste* 
less,  without  smell,  when  dry  and  in  a  dry  place  may  be 
kept  for  any  length  of  time  without  undergoing  alteration, 
are  insoluhle  in  cold  water  or  alcohol,  dissoWe  readily  in 
boiling  water,  giving  a  solution  which  gelatinizes  (becomes 
a  jelly)  on  cooling — and  in  a  cold  solution  of  iodine*  they 
all  become  blue. 

When  dried  at  212^,  they  consist,  according  to  Dr.  Pront, 
with  whose  analysis  those  of  other  chemists  agree,  of 

Carbon  .  .  .  44*0  per  cent.,  or  12  atoms. 
Hydrogen  .  •  .  6*2  per  cent.,  or  10  atoms. 
Oxygen  .    49*8  per  cent.,  or  10  atoms. 

100 

Starchy  therefore,  may  be  represented  by  the  formula 
C^^io  Qio^  which  is  identical  with  that  deduced  in  the 
preceding  section  for  the  cellular  fibrt  o{  Fayen.  Both 
substances,  therefore>  contain  the  same  elements  (carbon, 
hydroeen  and  oxygen,)  united  in  the  same  proportions,  and 
in  both,  as  well  as  in  the  common  fibre  of  wood,  the  hy- 
drogen and  oxygen  exist  in  the  proportion  to  form  water. 

That  starch  constitutes  a  large  portion  of  the  weight  of 
grains  and  roots,  usually  grown  for  food,  will  appear  from 
3ie  following  table,  which  exhibits  the  quantity  present 
in  100  lbs.  of  each  substance  named  t 

Starck  per  eeat. 

Wheat  flour 39  to  77 

Rye      do.  •        •        i        •        »        .  50  to  61 

Barley  do 67  to  70 

Oatmeal  .        •        .        .        s         .  70  to  80 

Rioeflour 84  to  85 

Maisedo  .        »        •        .  .  77  to  80 

Buckwheat 52 

Pea  and  Bean  meal    .        »  •  42  to  43 

Potatoes,  contaimog  73  to  78  of  water,        .  13  to  IS 

It  thus  exists  most  largely  in  the  seeds  of  plants,  and  in 
some  roots.    It  is  frequently  deposited,  howeyer,  among  the 


*  Iodine  is  a  solid  snbstanoe,  of  a  Iead«grej  colour,  possessed  of  a  , 
liar  ^werful  odour,  and  forming  when  l^ated  a  beautifiii  violet  vapoor. 
It  exists  in  small  quantity  in  sea  water,  and  in  some  maxine  plants.  Its 
solution  in  water  readily  shows  the  presence  of  starch,  by  the  blue  ccdoor  it 
iiBpsrtB  to  It. 
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woody  fibre  of  certain  trees,  as  in  that  of  the  willowi  and 
in  the  inner  bark  of  others,  as  in  those  of  the  beech  and 
the  pine.*  Hence  the  readiness  with  which  a  branch  of 
the  willow  takes  root  and  sprouts,  and  hence  also  the  occa- 
sional use  of  the  inner  bark  of  trees  for  fuod,  especially  in 
northern  countries,  and  in  times  of  scarcity.  In  some  roots 
which  abound  in  sugar,  as  in  those  of  the  beet,  the  turnip,  and 
the  carrot,  only  2  or  3  per  cent,  of  starch  can  be  detected. 

§  3.  Gum — lis  constitution  and  propertiti. 

The  variety  of  gum  with  which  we  are  most  familiar  is 
gum  arabk,  or  settegal,  the  produce  of  various  species  of 
acacia^  which  grow  in  the  warmer  regions  of  Asia,  Africa, 
and  America.  It  exudes  from  the  twigs  and  stems  of  these 
trees,  and  collects  in  rounded  more  or  less  transparent 
drops  or  tears.  It  is  also  produced  in  smaller  quantities  in 
many  of  our  fruit  trees,  as  the  apple,  the  plum,  and  the 
cherry ;  it  is  present  in  some  herbaceous  plants,  as  in  the 
althae  and  roalva  officinalis  (common  and  marsh  mallow) ; 
and  it  exists  in  lint,  rape,  and  many  other  seeds.  When 
treated  with  boiling  water  these  plants  and  seeds  give 
mucilaginous  solutions. 

Many  varieties  of  gum  occur  in  nature,  but  they  are  all. 
characterized  by  being  insoluble  in  alcohol,  by  dissolving  or 
becoming  gelatinous  in  hot  or  cold  water,  and  by  giving 
muciUigiMous — viscid  and  glutinous — solutions,  which  may 
be  employed  as  a  paste. 

Three  distinct  species  of  gum  have  been  recognised  by 
chemists. 

l^.  Arahin — of  which  gum  arable  and  gum  Senegal  al- 
most entirely  consist.  It  is  readily  soluble  in  cold  water ^ 
giving  a  viscid  solution,  usually  known  by  the  name  of  the 
mucilage  o£  gum  arabic. 

*i^,  OroWn— which  exists  in  the  gum  of  the  cherry-tree. 
It  is  insoluble  in  cold  water,  but  dissolves  readiltf  in  ooiling 

*  lu  pre«ence  U  readily  detected  in  such  wood  by  •  drop  of  tbe  solarion 
of  iodine— wbit'h  gives  a  perinaneDt  blue  to  starcb,  but  to  the  woody  fibre 
only  a  brownisli  staio, 
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uaier.  When  thus  dissolved  it  may  be  dried  without  losing 
Its  Aolability,  and  is  therefore  by  boiling  supposed  to  be 
ehangod  into  arabin. 

3^,  BcM&rin — existing  in  what  is  called  hauora  gum-^ 
and  foiming  a  large  poriion  of  gum  tragacamb.*  li  swdls 
tmd  hectwifs  gelatinous  in  cold  uater,  Imt  does  not  diuoive  in 
uatereithtr  cold  or  hot. 

By  these  characters*  the  three  kinds  of  gum  are  not  only 
readily  disiinguished,  but  may  be  easily  separated  from  eac^ 
other.  Thus  if  a  native  gum  or  an  ariijicia]  mixture  con- 
tain all  the  three,  simple  steeping  in  and  subsequent  wash- 
ing with  cold  water*  will  separate  the  ora^'^r— boiling  water 
will  then  take  up  the  ctiasitn^  and  the  hassotin  will  remain 
behind. 

These  different  kinds  of  gum  all  possess  the  same  chemi* 
eal  constitution. 

According  to  the  analyses  of  Mulder,  they  consist  of 

Carbon  •  45*10  per  cent.,  or  12  atoms. 

Hydrogen       .  6' 10  per  com.,  or  10  atoms. 

Oxygon  .        48*80tper  eent.,  or  lOatoms. 

100 

In  these  analyses,  as  in  those  of  starch  and  woody  fibre, 
we  see  that  the  per  cent  age  of  ox}'gen  is  equal  to  that  of 
the  hydrogen  multiplied  by  S,  and  consequently  that  these 
two  elements  are,  as  already  stated,  in  the  proportion  to 
form  water.  But  we  see  also  that  the  carbon  is  in  the  pro- 
portion of  12  atoms  or  equivalents  to  10  of  each  of  the  other 
constituents,  and  therefore  gum  may  be  represented  by 
C'*  H'"0'' — a  formula  which  is  identical  with  that  alrea- 
dy given  for  starch  and  cellular  fibre. 

It  appears,  therefore,  that  not  only  may  gum^  starchy  and 
cellular Jibre  be  represented  by  carbon  and  water,  but  that 
they  all  consist  of  carbon  and  the  elements  of  u:ater,  untied 
togetlior  in  the  same  proportions. 

Gum  not  only  exists  in  many  seeds,  and  exudes  as  a  n»» 

*  Thla  gam  exUla  along  with  ttarcb  in  the  rooti  of  the  \arioiii  fpcciea  of 
,ctpecial1y  ofthoM  which  are  used  for  making  M/ep(Meyen). 

t  BmmUms  AnUraUdss^  ia39,  q.  449. 
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taral  product  from  the  stems  and  tmga  of  many  trees,  but 
is  also  contained  in  the  juices  of  many  other  trees,  from 
which  it  is  not  known  to  exude ;  and  in  the  sap  of  most 
plants  it  may  be  detected  in  greater  or  less  quantity.  It 
may  be  considered*  indeed,  as  one  of  those  substances  which 
are  produced  most  largely  and  moat  abundsntly  in  the  TOge* 
table  kingdom*  since,  as  will  hereafler  appear,  it  is  one  of 
those  fi>rm8  of  combination  through  which  organic  matter 
passes  in  the  interesting  series  of  changes  it  undergoOi 
during  the  development  and  growth  of  the  plant* 

§  4.  Q/*  Sugar^^ki  varieties  a»d  chemical  conUitutian* 

V*.  Cane  Sugar. — Sugar,  identical  in  constitution  and 
properties  with  that  obtained  from  the  sugar-cane,  and  gene- 
rally known  by  the  name  of  cune-sugar,  exists  in  the  juieat 
of  many  trees,  plants*  and  roots.  In  the  United  States  of 
North  America  the  juice  of  the  maple  tree  is  extensively 
collected  in  spring,  and  when  boiled  down  yields  an  abua* 
dant  supply  of  sugar.  In  the  Caucasus  that  of  the  walaut 
is  extracted  for  the  same  purpose.  The  juice  of  the  birch 
also  contains  sugar,,  and  it  may  be  obtained,  in  lesser  quaia- 
tity,  from  the  sap  of  many  other  trees.  In  the  juice  oithm 
turnip,  carrot,  and  beet,  it  is  also  present,  and  in  France  and 
Germany  the  latter  root  is  extensively  cultivated  fur  the 
manufacture  of  beet  sugar.  In  the  unripe  grains  of  com, 
at  the  base  of  the  flowers  of  many  grasses  and  clovers  when 
in  blossom,  and  even  in  many  small  roots,  as  in  that  of  the 
quicken  or  couch-grass  (triticum  repens),  the  presence  of 
sugar  may  likewise  be  readily  detected. 

Sugar  is  principally  distinguished  by  its  agreeable  sweet 
taste.  When  pure,  it  is  colourless  and  free  from  smell.  It 
dissolves  readily  in  alcohol  and  in  large  quantity  in  water. 
The  solution  in  water,  when  much  sugar  is  present,  has  an 
oily  insistence,  and  is  known  by  the  name  of  syrup. 
From  this  syrup  the  sugar  gradually  deposits  itself  in  the 
form  of  crystals  of  sugar  candy.  If  the  syrup  be  boiled  on 
too  hot  a  fire,  it  chars  slightly,  becomes  discoloured,  and  a 
quantity  of  molasset  is  formed.  Pure  cone^ugar,  free  freoa 
water,  consists  of 
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Caibon  44*93  per  cent.,  or  12  atoim. 

Uydrogeo        .         .         .  611         "         orJO      ** 

Oxygen  .        .        48-97         "        or  10      " 

100 

If  we  compare  these  numbers  with  those  given  for  starch 
and  gum  in  the  preceding  sections,  we  see  that  they  are  al- 
most identical— so  that  cane-sugar  also  contains  oxygen 
and  hydrogen  in  the  proportions  to  form  water,  and  may 
likewise  be  represented  by  the  formula  C '  H' '  O*  *. 

2o.  Grape^nLgar, — In  the  juice  of  the  grape  a  peculiar 
species  of  sugar  exists,  which,  in  the  dried  raisin,  presents 
itself  in  the  form  of  little  rounded  grains.  The  same  kind  of 
sugar  gives  their  sweetness  to  the  gooseberry,  the  currant, 
the  apple,  pear,  plum,  apricot,  and  most  other  fruits.  It  is 
also  the  sweet  substance  of  the  chesnut,  of  the  brewers' 
wort,  and  of  all  fermented  liquors,  and  it  is  the  solid  sugar 
which  floats  in  rounded  grains  in  liquid  honey,  and  which 
increases  in  apparent  quantity  as  the  honey,  by  keeping,  be- 
comes more  and  more  solid. 

.  Grape*sugar  has  nearly  all  the  sensible  characters  of  cane- 
sugar,  with  the  exception  of  being  less  soluble  in  water  and 
also  less  sweet,-— 3  parts  of  the  latter  imparting  an  equal 
sweetness  wih  5  of  the  former. 

In  chemical  constitution  they  difler  considerably.  Thus 
grape-sugar  dried  at  250^  F.,  consists  of 

Carbon  40*4/ per  cent,  or  12  otomi. 

Hydrogen  .  6<50         **        or  12     «< 

O&ygen  .        .        52  94         ''        or  IS     '< 

100 

The  oxygen  here  is  still  eight  times  greater  than  the  hy- 
drogen, and,  therefore,  in  this  variety  of  sugar  also,  these 
elements  exists  in  the  proportions  to  form  water.  But 
for  every  12  equivalents  of  carbon  dry  grape  sugar  contains 
12  of  hydrogen  and  12  of  oxygen.  It  is  consequently  re- 
presented by  C^' H^*0'*,  and  contains  the  elements  of 
two  atoms  of  water  (H*  O^)  more  than  cane-sugar.* 

*  Solntioos  of  cane  and  grape  tngar  nre  readily  diatinguished  frtmi 
Mcfa  oiber  by  tbe  following  chemical  cbaraetert; — J.  If  the  solution  be 
heated  and  a  few  dropa  of  sulphuric  acid  then  added,  cane^ugar  will  he 
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3o«  Manna  *ugar^  »ttgar  of  liqn&rice,  Ige, — Besides  tli^ 
cane  and  grape  sugars  which  occur  in  large  quantity  in  the 
juices  of  plants,  there  are  other  varieties  which  occur  less 
abundantly,  and  are  therefore  of  less  interest  in  the  study  of 
the  general  Tegetation  of  the  globe.    Among  these  is  fnanna^ 
which  partly  exudes  and  is  partly  obtained  by  incisions  from 
certain  species  of  the  a9h  tree  which  grow  in  the  wanner 
countries  of  Southern  Europe  (Sicily  and  Italy),  and  in  Sy-^. 
ria  and  Arabia.     It  also  exists,  it  b  said»  in  the  juice  of  the- 
larch  tree  of  conmion  celery,  and  of  certain  trees  which  are 
met  with  in  New  South  Wales.     Liquorice  root  also  con-, 
tains  a  species  of  black  sugar,  which  is  known  in  this.  eeuQ-w 
try  under  the  names  of  Spanish  and  Italian  juice,  from  thei^ 
countries  where  it  is  grown.    In  the  raushioom  and  othev 
JuMgi  a  colourless  ▼ariety,  apparently  peculiar,  has  also  been 
met  with, — and  milk  owes  its  sweetness  to  a  species  of  8U« 
gar  formed  in  the  interior  of  the  animal  along  with  the  olhec 
substances  which  the  milk  contains. 

These  several  kinds  of  sugar  differ  more  or  less,  not  only 
in  sensilile  and  chemical  properties,  but  also  in  chemical 
constitution  from  the  more  abundant  cane  and  grape  sugars 
-—but  they  form  too  small  a  part  of  the  general  products  of 
vegetation,  and  are  of  two  little  consequence  in  practical 
agriculture  to  render  it  necessary  to  do  more  tnaa  thuA 
shortly  advert  to  their  existence.* 

I  5.  Mutual  rdatioM  of  woody  Jibrey  atareh,  gnm^  and  ntgar^ 

It  may  be  interesting  now  to  consider  for  a  moment  ifaa 
mutual  relations  of  the  several  substances,  woody  fibre, 
starch,  gum,  and  sugar — above  described— -wfaieb  occur  sa 
largely  in  the  vegetable  kingdom,  and  are  serviceable  t9 
man  for  so  many  different  purposes.  These  relations  will  be 

decompoaeH,  blnckened,  and  made  to  fall  a»  a  black  or  brown  powders- 
while  a  •olmion  of  gnipe  sugar  will  at  the  inodt  be  only  ulightly  discoloured. 
3.  If  instead  of  sulphuric  acid,  caustic  potash  be  employe«l,  the  cane  sugar 
will  he  uachangeo,  while  the  grape  sugar  will  he  blackened  and  tbniw», 
down. 

*  Kor  a  list  of  plants  from  which  sujnit  hat  been  extFacted,,aaa  XboiHf 
ton's  Organic  ChemUiry  (1838),  p.  647. 
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It  10  exoeediBgly  difficolt  id  any  ease  to  separate  the  eei* 
lular  from  the  incrusting  matter  of  wood,  lio  as  to  obtain 
the  means  of  determining  by  analysis  the  exact  difference 
in  their  elementary  constitution.  Under  the  impression 
that  in  very  light  and  porous  substances  he  should  obtain 
the  cellular  matter  in  a  purer  form,  Payen  analyzed  the 
fibre  of  cotton — the  pith  of  the  elder,  the  cellular  substance 
of  the  cucumber,  of  the  mushroom,  and  of  other  fungi,  the 
spongy  matter  which  forms  the  extremities  of  the  roots  of 
plants,  and  various  other  similar  substances,  and  in  all  these 
varieties  he  found  the  hydrogen  and  oxygen  to  exist  in  the 
proportions  to  form  water.  The  mean  of  his  analyses  was 
very  nearly  as  follows — which  for  the  purpose  of  compari- 
son I  shall  contrast  with  that  of  Dr.  Prout : 

of  separating  it  from  the  cellular  matter  wa«  by  treating  tbe  finely  rasped 
wood  (of  the  oak  and  beech)  with  nitric  acid,  which  dissolved  out  tbe  in- 
enisling  matter  and  left  the  cellular  matter  behind.  His  second  mode  wms 
to  digest  the  wood  with  dilute  sulphuric  acid,  by  which  the  cellular  matter' 
was  dissolved  out,  and  the  incrusting  matter  left.  It  is  obvious,  however, 
that  no  reliance  whatever  can  he  placed  on  the  analyses  of  substancea  ao 
treated,  ninco  tbey  cannot  fail  to  have  undergone  n  chemical  change  hj  be- 
ing expo!«rd  to  the  action  of  these  strung  acids.  Further  examination  baa 
satisEed  Payen  that  the  incrusting  ma  iter  consists  of  at  least  /Areec»ubstanoea, 
of  which  one  is  soluble  in  water,  alcohol,  and  ether,  another  in  alcohol  only, 
while  the  third  is  insoluble  in  any  of  these  liq^uids.  They  are  composed,  ac* 
cording  to  this  analyses^  of 

Soluble  in  Soluble  Id 

lasolublc.  alcobulooly.       water  mad  aloohaL 

Carbon  .         .  43  62-8  6n-53 

Hydrogen     .         .  6  5*9  7  04 

Oxygen  .         .  46*  31-3  24  43* 

100  100  100 

It  is  impossible  to  say  how  far  the  substances  analyzed  by  Payen  are  tu  be 
considered  as  pure,  or  as  actually  existing  in  the  pores,  or  in  the  incruating 
matter  of  tbe  woody  fibre,  but  it  is  obvious  that  the  presence  of  a  rariabie 
c^uantity  of  such  substances  will  necessarily  cause  that  exceaa  of  bydrogBS, 
in  the  eniire  wood,  which  appears  in  the  analysis  of  the  ebony»  walnut,  ociV. 
and  beech  woods,  given  in  the  text.  T.hat  such  an  excess  of  hydrogen  aboTe 
what  is  necessary  to  form  water  with  the  oxygen,  does  exist  in  the  wood  of 
most  trees  in  iu  natural  slate,  is  a  fiictto  which  it  will  be  important  to  advert 
when  we  consider  hereafter  the  chemical  cbaoges  which  the  foodunder^* 
in  the  interior  of  the  plant. 

[*  MeyeuB  Jakreibericht,  1S39,  p.  10.] 
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Woodjr  fbn  of  box  ud  Ooiliikr  auMfr  of  nfci- 

wUlow— Dr.  ProuL  l«r  pUmtt— Pajren. 

Carbon          .        .        .        5000  44*80 

Hydrogen     .        .                  5*55  6*20 

Qxygan                 .        .        44*4&  .49-0 

100  100* 

la  both  these  analyses  the  hydrogen  is  very  nearly  8 
times  that  of  the  oxygen.  All  these  substances^  therefore* 
may  be  represented  by  carbon  and  water,  though  the  woody 
fibre  of  Dr.  Prout  contains  5  per  cent,  more  carbon  than 
the  cellular  matter  of  Payen. 

If  we  calculate  the  number  of  equivalents  of  each  ele- 
ment contained  in  these  two  varietiest  of  vegetable  fibre 
composed  as  above  exhibited,  we  find  in  the  one  12  of  car- 
bon, 8  of  hydrogen,  and  8  of  oxygen ;  in  the  other,  12  of 
carbon,  10  of  hydrogen,  and  10  of  oxygen.  They  may, 
therefore,  be  conveniently  represented  by  the  following  for- 
mulae : 

Woody  PiBaB by  C*"  IP   (? 

Cellular  Fibre  .  .  x  .  by  C'«  H*»  C* 

It  is  not  unlikely  that  both  of  these  forms  of  matter  may 
exist,  as  well  in  the  perfect  wood  of  trees  as  in  the  less  con- 
solidated pith  of  the  elder,  or  in  the  fibres  of  cotton — and 
that  they  may  occur  intermingled  also  in  varying  proportions 
with  other  substances,  containing  hydrogen  v&  excess.]^ 

I  have  spoken  of  these  varieties  of  woody  fibre  as  consti- 
tuting a  large  portion  of  the  entire  mass  of  vegetable  matter 

*  Meyen'f  Jahresberiehi,  1830,  p.  10. 

t  This  ii  done  very  simply  by  dividing  the  oarbon  by  C,  and  the  oxygen  by, 
8  (see  page  42),  thu^- 

Carbon  .  .  .  50 -i- 6 a.  8*33  (which  numbers  M2 
Hydrogen  .  •  5*55  » 5*55  ?  are  to  each  >  8 
Oxygen     .    .    .    44*45 -t- 8 »  5*55  f       other  as       )  8 

t  The  existence  of  a  tariety  of  cellular  fibre  identical  in  coostitntioB 
with  common  starch,  as  this  of  Payen  is,  (see  subsequent  section,  pt  155) 
was  preTiously  rendered  probable  by  the  observations  of  Dr.  ScUeideo, 
that  tne  embryo  of  the  SekoHa  latifoUa,  consisting  of  cores  and  vessels, 
the  sides  of  which  exhibit  distinct  concentric  layers,  U  entirely  soluble 
in  water,  with  the  exception  of  the  outer  rind;  and  that  its  sohition  b»* 
comes  blue  on  the  addition  of  iodine.  It  would  appear  as  if  the  cellular 
substances  were  in  this  case  wholly  composed  of  starch.  {Fcggendafft 
Annalen,  xliii.,  p.  398.)    It  may,  however,  be  in  such  a  state  of  tenujxy  io 
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best  seen  on  comparing  the  formulae  by  which  they  are  res- 
pectively repreaented.     Thus — 

Woody  FiBBB      (lignin)  is  represented  by  C**  H'    O* 
Cellulab  Fibbb  (according  to  Payne)  by  C*'  H**  ©»• 
Stabch  (dried  at212o  p.)        by  C»«  H»»  0'« 

Guai  (any  of  the  3  varieties)  by  O*  W  O*  • 

Canb  Sugar         (free  from  water)         by  C*'  W^  0"« 
Grape  Sugar        (dried  at  130©  F.)         by  C»»  ff»  0"*! 

In  these  formulse  we  observe— 

1^.  That  the  equivalents  of  the  oxygen  are  equal  to  those 
of  the  hydrogen  in  all  the  formuls,  and»  therefore,  that  bU 
these  substances  may  be  supposed  to  consist  of  carbon  and 
water. 

2o*  The  formulae  for  cellular  fibre,  starch,  gum»  and  cane- 
sugar  are  identical.  They  cotuist  of  the  same  elements  uniied 
together  in  the  same  proportinns,     . 

This  is  one  of  those  facts  which  not  only  appear  very  re- 
markable to  the  unlearned,  but  are  scarcely  capable  of  being 
clearly  comprehended  and  explained,  even  by  those  who 
have  most  profoundly  studied  this  branch  of  natural  science. 
Starch  and  sugar^— how  different  their  properties !  how  un- 
like their  uses  I  how  unequal  their  importance  to  the  human 
race !  yet  they  consist  of  the  same  weights  of  the  same  sub- 
stances, differently  conjoined.  The  skilful  architect  can  pot 
together  the  same  proportions  of  the  same  stone  and  cement 
-—and  the  painter  can  combine  the  same  colours  6o  as  to 

riroduce  a  thousand  varied  impressions  on  the  sense  of  sight, 
n  the  hand  of  Deity  maUer  is  infinitely  more  plastic.     Al 
His  bidding  the  same  particles  can  unite  in  the  same  quan* 

*  For  a  list  of  plants  from  which  sugar  has  been  extracted,  see  Thomson's 
Organic  Chemistry  (1838),  p.  647. 

t  Crystallized  cane-sugar  (sugar  candy)  loffos  5.3  per  cent,  of  water  in  (k- 
vourqble  circumstances.  Thii*  is  equal  to  one  rquivalent  (H  O),  so  that  If 
dry  sugar  be  C«  H*"  0«o,  crysialli«cd  sugar  i«  C"  H»  O"— or  C»  H'o  0»  -+- 
H  O,  since  there  is  no  doubt  that  this  one  equivalent  of  the  liydrogen  and 
oxygen  exist  in  crystallised  sugar  in  the  state  of  water.  In  like  manner, 
crysiallixed  honey  or  grape-sugnr— a*  it  occurs  in  honey  or  in  the  dried  graps 
^-loses  9  |ier  cent,  of  water  when  heated  to  250**  F.  This  is  equal  to  tWQ 
equivalents  (2  H  O).  so  that  crystallised  grape-sugar  is  repreacuied  by  C*S 
HH  O"  or  C»«  HO  0»  +  8  H  O. 
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thy  so  as  to  produce  the  most  aniike  impressioos— and  on 
all  our  senses  at  once. 

30.  A  knowledge  of  the  above  close  relations  in  compo- 
sition, among  a  class  of  substances  occurring  so  abundantly 
in  tbe  vegetable  kingdom,  imparts  a  degree  of  simplicity  to 
our  ideas  of  this  otherwise  complicated  sulject.  It  does  not 
appear  so  mysterious  that  we  should  have  woody  fibre,  and 
starch,  and  gum,  and  sugar,  occurring  together  in  variable 
quantities,  when  we  know  that  they  are  all  made  up  of  the 
same  materials,  in  the  same  or  nearly  the  same  proportions 
-—or  that  one  of  these  should  occasionally  disappear  from 
8  plant,  to  be  replaced  in  whole  or  in  part  by  another. 

A  further  question,  however,  arises  in  our  minds.  We  na* 
turally  ask,— does  nature,  in  thus  removing  one  of  these  com-* 
pounds,  and  supplying  iu  place  by  another,  actually  form 
from  its  elements  the  new  substance  introduced,  or  does  she 
produce  it  by  a  mere  change  or  transformation  of  those  pre* 
viously  existing.  A  satisfactory  reply  to  this  question  may 
be  derived  from  the  facts  detailed  in  the  following  section. 

§  6.  Mutual  transfarmaiunuefwoad^Jibri,  tiarek,  gum^  «iui 

9Ugar. 

I. — WOODT  FIBEE. 

Aetitm  £^Aea^— -If  wood  be  reduced  to  the  state  of  fine 
saw-dust,  be  then  boiled  in  water  to  separate  every  thing 
soluble,  afkerwards  dried  by  a  gentle  heat,  and  then  heated 
several  times  in  a  baker's  oven,  it  will  become  hard  and 
crisp,  and  may  be  ground  in  the  mill  into  a  fine  meal.  Tbe 
powder  thus  obtained  is  slightly  yellow  in  colour,  but  has  a 
taste  and  smell  similar  to  the  fluur  of  wheat;  it  ferments 
when  made  into  a  paste  with  yeast  or  leaven,  and  when  baked 
gives  a  light  homogeneous  bread.  Boiled  with  water,  it 
yields  a  stiff  tremulous  jelly,  like  that  from  starch  (Auten- 
rieth.)*  By  the  agency  of  heat,  therefore,  it  appears  that  the 
woody  fibre  may  be  ehartgcd  into  siarch, 

2^.  Action  of  iulphuric  acid, — If  to  three  parts  of  the  suU 
phuric  acid  of  the  shops  (oil  of  vitriol)  one  part  of  water 


♦  Scbfkbler,  AgricuUur  Ch$mU,  i.»  p.  2^4^ 
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bo  added,  and  a  portion  of  dolicate  woody  fibro  be  immeraed 
in  it  for  half  a  minute,  and  the  whole  thenrublied  in  a  mor- 
tar with  a  few  drops  of  a  solatioo  of  iodine— the  woody 
fibre  will  assume  a  hfue  ce^tmr,  showing  that  it  is  in  part  at 
least  changed  inio  starch*  (Schleiden). 

Again,  if  three-parts  of  fine  saw-dust  or  of  fragments  of 
old  linen  be  rubbed  in  a  mortar  with  four  of  the  sulphuric 
acid  of  the  shops  added  by  degrees — it  will,  in  a  quarter  of 
an  hour,  be  rendered  completely  soluble  in  water.  If  the 
solution  in  water  be  freed  from  acid  by  chalk,  and  than 
eraporatedt  a  subatance  resembling  gum  arable  is  obtainad 
(Braconnot).  According  to  Schleiden,  the  fibre  may  bo 
aeon  under  the  microscope  gradually  to  change  from  with- 
out inwards,  first  into  starch  and  then  into  gum. 

Farther,  if  this  gum  be  digested  with  a  second  portion 
of  sttlpburic  acid  diluted  with  8  or  10  times  its  weight  of 
water,  it  will  be  gradually  converted  inio  grape-sugar ;  or 
the  fibre  of  wood  or  linen  may  be  changed  directly  into 
sugar  by  the  prolonged  action  of  dilute  sulphuric  acid. 

3<'.  Action  of  Potash. — If  saw-dust  be  mixed  with  from 
two  to  eight  times  its  weight  of  hydratet  of  potash  and  as 
much  water,  and  boiled  till  a  crust  forms  on  the  surface, 
^d  if  dilute  sulphuric  acid  be  then  added  till  the  whole  is 
slightly  sour,  the  undestrnyed  woody  fibre  will  give  an  in- 
stantaneous deep  blue  on  the  addition  of  iodine,  showing 
that  starch  has  been  fbrmed. 

Woody  fibre,  therefore,  may  be  changed  into  starch, 
either  by  the  unaided  action  of  heat,  by  that  of  sulphuric 
acid,  or  by  boiling  with  caustic  potash,^-and  the  starch  thus 
produced  may  be  further  transformed,  first  into  gum  and 

*  It  win  be  i«co1lKted  that  ttArch  it  cbaracterised  by  giving  a  blue  colour 
with  a  tolution  of  iodine  (iioe  p.  156). 

Xbe  simpien  way  of  trying  this  experiment  is,  to  take  a  quantity  of  cleon 
cotton— til  wet  it  with  water,  ffqueeseinj;  out  again  a*  much  as  poMible-^ 
then  to  spread  it  out  upon  aflat  dish  nnd  moisten  it  oiiickly  end  thoroughly 
with  the  acid  diluted  a^  alK>ve.  After  faalfa  minute,  add  the  solution  ofiodinei, 
•tip  quickly  with  a  glass  rod,  aiid  immediately  add  water,  when  the  blue  rom> 
pound  of  ii/dine  nnd  starch  will  speedily  deposit  itself. — (Schleiden  Pog. 
Annal.  xliii.,  p.  396). 

t  Hydrate  of  potash  is  the  caustic  substance  which  is  obtained  by  boiKn|^ 
common  pearl'ash  with  quick^ttne. 


AOTION  or  BSAT  OM  STAaCH.  166 

then  into  grape-sugar,  by  tbe  prolonged  action  of  ditnte 
lulphuric  acid,  asaiated  by  a  moderate  heat. 

II.*— STAKCU. 

1^.  Aetiim  of  heat,  —When  floor,  potato,  or  arrow-root 
starch  is  spread  out  upon  a  tray,  then  introdueed  into  an 
oven  and  gradually  heated  to  a  temperature  not  exceeding 
300O  R,  it  slowly  changes,  acquires  a  yellow  or  brownish 
tint  according  to  the  temperature  employed,  and  becomes 
entirely  soluble  in  cold  water.  It  it  changed  hUo  gum> 
Under  the  names  of  starch-gum,  or  Brittsh-gum,  this  sub* 
stance  is  largely  manufactured  in  this  country,  and  is  sac* 
cessively  substituted  for  gum  arable  by  the  calico  printers 
in  thickening  many  of  their  colours.* 

The  gum  thus  prepared  not  unfrequently  also  possesses  a 
sweet  taste,  from  the  farther  change  of  a  portion  of  the  gum 
intb  sugar. 

2^.  Action  ^iM/^.— When  starch  is  dissolved  in  boiling 
water,  and  is  then  allowed  to  stand  in  the  cold  either  in  a 
close  vessel  or  exposed  to  the  air,  it  gradually  changes  into 
gum  or  sugar.  The  process  however,  is  slow,  and  months 
must  elapse  before  the  whole  of  the  starch  is  thus  spontane- 
ously transformed  in  the  presence  of  water  (De  Saussure). 
It  taikes  place  more  rapidlv  when  starch  and  water  are  boiled 
together  for  a  length  of  time. 

3^^.  Action  of  sulphuric  acid.'^'From  what  has  been  al** 
ready  stated  in  regard  to  the  action  of  this  acid  on  woody 
fibre  it  wiU  reodily  be  supposed  that  native  starch,  of  any 
variety,  is  likely  to  undergo  transformation  when  subjected 
to  its  influence. 

In  reality,  if  50  parts  of  starch,  lU  of  sulphuric  acid,  and 
139  of  water  be  taken,  and  if  the  starch  be  thoroughly 
mobtened  with  a  portion  of  the  water,  and  then  poured  into 
tbe  mixture  of  the  acid  with  the  remainder  of  the  water, 

*  During  the  bakin^p  of  brea<l  tbit  coaTcrtlon  of  ftarcb  into  gum  take* 
place  to  a  coofiderable  extent.  Thus  Vog&l  foaad  that  flour  which  con- 
tttioerl  no  gum  gave,  when  baked,  a  bread  of  which  18  per  cent,  or  nearly 
one-fUtb  of  the  whole  weight,  consisted  of  gum.  Thui  one  of  the  eflecti  of 
baking  it  to  reader  tfae  floor-etarch  more  eoluble,  and  tborcfure  (T)  more  easily 
dige»tIUe.  « 
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ftnd  beated  to  190®  F.,  the  starch  will  be  entirely  converted 
into  guna.  By  further  and  more  prolonged  heating  tbia 
gum  is  changed  into  grape-sugar  The  gum  or  sugar  may 
be  obtained  in  a  separate  state  by  adding  to  the  solution 
either  chalk  or  lime,  which  will  combine  with  and  carry 
down  the  acid.*  One  hundred  pounds  of  stircb  treated  in 
this  way  will  yiek)  from  105  to  1^2  lbs.  of  dry  grape-sugar. 
The  rapidity  with  which  this  transformation  takes  place 
depends  partly  upon  the  temperature  and  partly  upon  the 
proporti4>n  of  acid  employed.  Thus  100  lbs.  of  starch  mixed 
with  600  of  water  and  10  of  sulphuric  acid,  will  be  convert- 
ed into  grape-sugar  by  boiling  fur  seven  hours.  If  by  in- 
creasing the  pressure  the  temperature  be  raised  to  2d0<>  F., 
the  transformation  will  be  effected  in  njew  minuUs,  With 
only  one  pound  of  acid  and  the  same  quantity  of  starch 
and  water»  tlie  change  will  be  effected  in  three  hours  by  a 
temperature  of  230o  F.  This  mode  of  converting  potato 
starch  into  grape  sugar  is  said  to  be  extensively  practised 
in  France,  for  the  purpose  of  subsequently  fennenting  the 
•agar  and  converting  it  into  hrandy, 

Attian  of  eulphurie  octd.— If  powdered  gum  arable  be 
nibbed  in  a  mortar  with  the  aulphurio  acid  of  the  shops,  a 
brownish  solution  is  obtained,  which,  when  diluted  with  wa- 
ter and  treated  with  chalk,  yields  a  gummy  substance  simi- 
lar to  that  obtained  in  the  same  way  from  starch  and  woody 
fibre.  Prolonged  digestion  with  diluted  acid  converts  a 
portion  of  this  gum  into  sugar ,t 

IV.^-CANB  8V«AR. 

1^.  AeUoH  of  ^«at— *When  crystallised  cane  sugar  is 
healed  to  Z20o  F.  it  ncieks,  and  if  the  temperature  be  raised 
to  360o  F.  it  gives  off  two  atoms  of  water  and  is  changed 

*  It  fbnns  gyptvm  vith  it  (tolphate  of  lime),  which  \§  «  compound  oT  Kiim 
and  sulphuric  acid. 

t  Benelius,  TraUi  de  ChemU  (1831),  v.,  p.  817. 
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into  corflUMtfl.  This  cammel  U  an  vnerystallissblo  Miffac» 
which  i3  generally  present  in  anificial  ayrupa,  and  ia  oftoof 
of  a  brownUb  colour.  It  contains  the  eiementa  of  an  atom 
of  water  leas  than  caoe-sugar,  and  ia  represented  by  C  H* 
0*.  It  is  not  known  to  occur  in  the  natttral  joicea  of 
plants. 

2°.  Action  of  tulphuric  acid. — When  ca»e-augar  ia  di- 
gested with  dilute  sulphuric  acid,  aided  by  a  gentle  beat,  it 
is  rapidly  converted  into  grape-sugar.  The  acid  of  grapea 
(tartaric  acid)  and  many  other  vegetable  aoida  prodace  a. 
aimiJar  change. 

It  is  obvious  that  this  conversion  of  cane  into  gnpe  su- 
gar can  only  take  place  in  the  presence  of  water,  iuasniucb« 
as  has  already  been  shown  (p.  161),  grape-sugar  contaioa 
the  elements  of  two  atoms  of  water  more  than  cane-attgar, 
or 

Caoe  m%ve.  Water.  Dcy  gniw  ••gtr 

C«  H»»  O"  +2HO«C«  H'«  0«. 


We  may  revert  now  to  the  question  with  which  we  eon* 
eluded  the  preceding  section.  Since  these  different  sub* 
stances  are  so  closely  allied  in  chemical  constitution,  and 
occur  so  often  in  connection  with  each  other  in  the  vegela* 
ble  kingdom,  does  nature,  when  her  purposes  demand  the 
change,  actually  transform  them»  the  one  into  the  other,  in 
the  interior  of  the  plant  1  The  answer  may  now  be  aaMy 
given,  that  she  certainly  does.  What  we  can  so  readily 
perform  by  our  rude  art  may  be  still  more  easily  effected  in 
the  living  vegetable.  That  which  is  starch  or  gum  in  one 
part  of  the  plant,  may  bectime  cane  or  grape  sugar  in  ano* 
ther,  and  woody  fibre  in  a  third.  Thus  by  re-arraagiag 
the  same  kind  and  quantity  of  the  several  eiementa,  niajf 
the  various  and  unlike  forms  of  matter  which  constitute  the 
main  products  of  vejgetation  be  readily  produced. 

Still  the  facility  ia  only  apparent    We  can  aaanva 
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selves  of  the  fact  of  such  conversions,  because  we  can  at 
will  induce  tbem.  But  who  operates  upon  these  substan* 
ces  in  the  interior  of  the  plant  %  Whose  mind  and  will  di- 
rects these  changes— prescribing  when,  where,  and  in  what 
order  they  shall  take  place  1  How  much  depends  upon  the 
refined  and  little  understood  mechanism  of  the  vegetable 
structure — ^how  much  on  the  living  principle  itself !  What 
is  this  living  principle — how  can  it  direct  !* 

$  7.  Q^  the  fermentation  of  starch  and  nigar — and  of  the 
r dative  tdrcumstancei  under  which  cane  and  grape  mgare 
generally  occur  in  nature. 

It  will  be  of  use  to  us,  in  connection  with  the  above  trans- 
formations, to  advert  to  -the  property  possessed  by  starch 
and  nearly  all  the  known  varieties  of  sugar  of  entering  into 
fermentation  under  favourable  circumstances.  When  flour 
is  made  into  a  paste  with  leaven  or  yest  it  begins  to  rise 
and  ferment, — sooner  or  later,  according  to  the  kind  of  flour 
and  the  quantity  of  ferment  added.  When  to  a  decoction 
of  malt  or  to  a  solution  of  starch  or  of  cane  or  grape  sugar  in 
water  a  portion  of  yest  is  added,  fermentation  is  speedily 
induced  ;  and  if  not  arrested  by  unfavourable  circumstances 
it  will  continue  until  the  whole  of  the  starch  or  sugar 
disappears. 

In  aU  these  cases  it  is  grape-sugar  alone  that  undergoee 
JermentationA  The  starch  of  the  moist  dough  or  of  the 
solution  is  partially  transformed  into  grape-sugar  befi)re  fer- 
mentation commences.  Such  is  the  case  also  with  the  de- 
coction of  malt  and  with  cane  sugar.  The  fermentation 
commences  soon  after  the  first  portion  of  grape-sugar  is 
formed,  and  proceeds  more  or  less  rapidly  according  as  this 
transformation  is  more  or  leas  speedily  effected.  Hence, 
in  the  art  of  brewing,  the  necessity  of  cautiously  regulating 
the  temperature  by  which  this  change  of  the  starch  aira 
sugar  is  promoted  and  hastened. 

*  **  Canst  thou  by  pearchiog  find  out  God — Cantt  Uww  hnd  out  tho  Al- 
nughcy  unto  perfection  f" 
t  Rom,  Pcggtn,  Annal-p  Ml  p.  297. 
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The  fementatioii  itself  18  the  remilt  not  of  a  mere  trans" 
Jbrmatym  of  one  form  of  matter  into  another  having  the 
same  elementary  constitution,  but  of  a  decot/^xktitionof  oub 
substance  into  two  others  unlike  itself  eitk^i  in  properties 
or  in  chemical  composition.  The  grape  sugar  is  resolved 
into  alcohol  (spirits  of  wine),  which  remains  in  the  liquid, 
and  into  carbonic  acid,  which  escapes  in  the  form  of  gas 
and  causes  the  fermentation.  Thus  alcohol  being  repre- 
sented by  C^  H*  O*,  and  carbonic  acid  by  CO^, 

2  of  alcohol  =  C "  H'«  O '  and 

4  of  carbonic  acid    =  C  ^        O  *  make  up 

1  of  grape  sugar     =  C«  H*  O" 

It  is  an  interesting  fact  that  the  cane  and  grape  sugars 
occur  in  nature  in  circumstances  which  are  entirely  con* 
sistent  with  the  statement  in  the  preceding  section,  regard* 
ing  the  action  of  acids  on  the  former  variety  of  this  natu- 
ral product  Fruits  contain  grape  sugar,  which  increases 
in  quantity  as  they  ripen  or  become  less  sour.  In  the  sugar 
cane,  the  beet  root,  and  the  maple  and  birch  trees,  cane- 
sugar  exists,  but  in  their  juices  no  acid  is  associated  with 
the  sugar.  On  the  contrary,  ammonia  is  known  to  be  pre- 
sent in  most  of  them  along  with  the  cane-^ugar.  Hence  it  is 
inferred,  that  as  in  our  hands  and  in  our  experiments  cane- 
suffar  is  changed  by  the  agency  of  acids  into  grape-sugar^ 
and  with  remarkable  ease  by  that  acid  which  exists  in  the 
ripe  grape,  so  it  is  in  the  interior  of  plants.  Where  sugar 
occurs  in  connection  with  an  acid  in  the  juice  of  a  plant,  it 
is  grape  sugar  in  whole  or  in  great  part,  because  in  the 
presence  of  an  acid  body  cane-sugar  cannot  permanently 
exist,  but  is  gradually  transformed  mto  the  sugar  of  grapes. 
It  thus  appears  also  why  fruits  so  readily  enter  into  fermen- 
tation, and  why,  even  when  preserved  with  cane  sugar,  they 
will,  in  consequence  of  the  acids  they  retain,  slowly  change 
the  latter  into  grape-sugar,  and  thus  induce  fermentation.* 

*  Milk  also,  in  favorable  eircumstancea,  as  yrhen  kept  at  a  temperature  of 
100*  F.,  nndergoea  fermeotation,  and  in  aome  ooantriea  of  Aaia,  a  •pitituoua 
hqpor  ia  preparad  firom  marea*  and  adaet'  milk.  In  dua  oaae  die  mil  k  fii«t 
beeomai  aour,  thm  the  ackia  thoa  formed  oooverla  tba  milk  aiifar  into  grap« 

1$ 
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5  8.     Of  iubstances  which  contain  NUrogeH,^GMeny  Vege* 

table  Albumin^  and  Diatttse, 

The  substances  described  in  tbe  preceding  sections 
consist  of  carbon,  hydrogen,  and  oxygen  only,  and  of  tbem 
tbe  great  bulk  of  the  vegetable  productions  of  the  globe 
consists.  But  tbere  are  certain  other  circumstances  occur- 
ring along  with  starch  and  sugar,  into  which  nitrogen 
enters  as  a  constituent,  and  which,  though  not  formed  in 
tbe  vegetable  kingdom  in  very  large  quantity,  are  yet  of 
such  interest  and  importance  in  other  respects,  as  to  make 
It  necessary  shortly  to  advert  to  them. 

1^.  Gluten, — When  the  flour  of  wheat  is  made  into  a 
<lough,  and  this  dough  is  washed  with  water  upon'  a  fine 
^ieve,  a  milky  liquid  passes  through,  from  which  starch 
•gradually  subsides.  This  has  been  already  stated.  But  on 
Uie  sieve,  when  the  water  ceases  to  go  through  milky,  there 
lemains  a  soft  adherent,  tenacious  and  elastic  substance, 
-which  can  be  drawn  out  into  long  strings,  has  scarcely  any 
colour,  taste,  or  smell,  and  is  scarcely  diminished  by  waah- 
•tng  either  with  hot  or  vnth  cold  water.  This  substance  is 
the  gluten  of  wheat.  The  flour  of  other  kinds  of  grain  also 
•yield  it  by  a  similar  treatment,  though  generally  in  much 
•mailer  quantity.  This  appears  from  the  following  table : 
*— The  grain  of 

Wheat  contains  8  to  35  per  cent  of  gluten. 
Rye       ...    9  to  13        "  " 

Barley  ...    3  to    6        "  " 

Oats      .    .     .     2to    5        "  '* 

When  the  moist  gluten  is  dried  in  the  air  or  at  the  tem- 
perature of  boiling  water,  it  diminishes  much  in  bulk,  and 
•hardens  into  a  brittle  semi-transparent  yellow  sabstance  le- 
aembling  horn  or  glue.  In  this  state  it  is  insoluble  in  water, 

sqgar*  aod  fimlly  ibb  togar  enten  into  feriiientotkiii.  This  takes  ^laoe  «or« 
resdUy  in  conaequeBce  of  the  pretence  of  the  deconpoeing  cheesy-  iDMier 
<oesoin)  of  the  milk— at  it  thown  by  the  iact  that  tbe  introductioB  of  a  tatall 
««aotity  of  the  curd  of  milk  into  a  tdution  of  grape  tqgar  wiUcawe  H  to 
mrment. 
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bat  diesolves  readily  in  yioegar,  in  aloohol  either  cold  or 
hot,  and  in  Bolntioat  containing  caustic*  potash,  or  soda. 

20.  Vegetable  aHumen.-^To  the  white  of  e^g  the  name 
of  albamen  {albus  wliite)  has  been  given  by  chemists.  It 
possesses  the  well  known  property  of  coagulating  or  of 
forming  a  white  solid  insoluble  substance,  when  it  is  heated 
either  alone  or  after  being  mixed  with  water. 

When  the  starch  has  subsided  from  the  milky  liquid 
which  passes  through  the  sieve  in  preparing  the  gluten  of 
wheat,  the  water  rests  transparent  and  colourless  above  the. 
white  sediment.  If  this  water  be  heated,  it  will  become 
more  or  less  troubled,  and  white  films  or  particles  will  sepa*^ 
rate,  which  may  be  easily  collected,  and  which  possess  all 
the  properties  of  coagulated  albamen,  or  boiled  white  of  egg* 
To  this  substance  the  name  of  vegetable  albumen  has  beea 
^ven.  When  the  fresh  prepared  gluten  of  wheat  is  boiled. 
in  alcohol  a  portion  of  albumen  generally  remains  undis- 
solved, showing  that  water  does  not  completely  wash  k  out^ 
from  the  gluten. 

Vegetable  albumen,  when  fresh  and  moist,  has  neither 
colour,  taste,  nor  smell,  is  insoluble  in  water  or  alcohol,  bat 
dissolves  in  vinegar  and  in  caustic  potash  or  soda.  When 
dry  it  is  brittle,  more  or  less  coloured,  and  opaque.  In  the 
seeds  of  plants,  it  exists  only  in  small  quantity — thus  the 
grain  of 

Wheat  contains  |  to  1^  per  cent. 
Rye  .        .  2  to  3|       " 

Barley      ,         .jV^o    J       " 
Oats  .         .  i  to     i       *' 

It  occurs  more  largely  however  in  the  fresh  juices  of' 
plants,  in  those  of  cabbage  leaves,  turnip  roots,  and  many 
others.     When  these  juices  are  heated  the  albumen  coagu- 
lates and  is  readily  separated. 

Gluten  and  vegetable  albumen  appear  to  be  as  closely  re- 
lated as  sugar  and  starch  are  to  each  other.  Like  these 
two  substances,  they  consist  of  the  same  elements,  united 
together  in  the  same  proportions,  and  are  capable  of  similar 

•  The  common  ftarUtuh  or  $oda  of  tlie  ihopt  boiled  with  qufck-fime. 
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mutual  transformations.    According  to  the  most  recent  an* 
alyses,  those  of  Dr.  Scheerer,  they  consist  of 

Carbon         -^  54*76 

Hydrogen    «    7*06 

Oxygen        =  20*06 

Nitrogen      =  18-12 


100 

When  exposed  to  the  atr  in  a  moist  state  these  substan- 
ces undergo  decomposition.  They  ferment,  emit  a  most 
disagreeable  odour,  and  produce,  among  other  compounds, 
vinegar  and  ammonia. 

The  important  influence  which  gluten  and  vegetable  al- 
bumen are  supposed  to  exercise  over  the  nourishing  pro* 
perties  of  the  different  kinds  of  food  in  which  they  occur, 
will  be  considered  in  a  subsequent  part  of  these  lectures.* 

Z^.  Diastase. — When  cold  water  is  poured  upon  barley 
newly  malted  and  crushed,  is  permitted  to  remain  over  it  for 

*  There  occur  in  the  animal  kingdom  ^m  the  bodies  of  animals— three 
other  forms  of  the  substance  above  described  under  the  names  of  gluten  ami* 
vegetable  albumen.     These  are  albumen  or  white  of  egg,  already  meoUoned, 
-"^asein^  the  curd  of  cheese, — and^rtn,  the  substance  of  the  muscular  fibre 
of  animals. 

1^.  Ccuein. — When  the  curd  of  cheese  is  well  washed  with  waterrand 
dien  bailed  in  alcohol  to  free  it  Irom  oily  matter,  it  forms  the  casein  of  cfae- 
inists.  While  moist  it  is  soft  and  colourless,  butasitdriesit  hardens,  as* 
sames'a  yellow  colour,  and  becomes  semi-transparent.  Even  when  moist Jt  i« 
perfectly  insoluble  either  in  cold  or  in  hot  water.  It  is  soluble,  however,  in 
water  containing  vinegar,  or  to  which  a  little  carbonate  of  potash  or  soda 
has  been  added.  It  may  be  kept  ftir  any  length  of  time  in  a  dry  place,  with- 
out undergoing  decay.  The  changes  undergone  by  old  cheese  are  chiefly  due 
to  the  oily  and  other  substances  with  which  the  cnrd  is  mixed.  It  has  been 
remarked,  that  when  the  gluten  of  wheat  in  left  for  a  length  of  time  in  a  moist 
state  it  undergoes  a  kind  of  fermentation  and  gradually  acquires  the  smelt 
and  taste  of  cheese  (Rouelle.) 

2^.  Fibrin, — When  lean  beef  or  mntton  is  long  washed  in  water  till 
it  becomes  colourless,  and  is  then  boiled  in  alcohol  to  separate  the  (kt, 
a  colourless,  elastic,  fibrous  mass  is  obtained,  which  is  the  fibrin  «>f  clie- 
mists.  In  recently  drawn  blood  it  exists  in  the  liquid  state,  but  c<ragulatea 
spontaneously  when  exposed  to  the  air,  and  forms  tne  greater  part  of  the  dol 
of  blood.  It  dissolves  in  a  solution  ofc4iustic  potash  or  of  nitre»  and  in 
vinegar. 

3^.  ii/6iMRen.-*This  substance  in  the  liquid  state  exists  in   the  white 
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a  quarter  of  an  hoor,  is  then  poured  o%  filtered,  evaporated 
to  a  small  bulk  oyer  boiling  water,  again  filtered  if  necessary, 
and  then  mixed  with  much  alcohol,  a  white  tasteless  powder 
falls— to  which  the  nsme  of  diasUus  has  been  given. 

of  egg,  and  in  the  seram  of  the  blood.  It  coagulatoa  by  boating  to  160^  F., 
or  if  previously  mixed  with  water  by  raising  to  212**  F. 

Theee  three  substances,  in  addition  to  their  well  known  sensible  properties, 
are  distingoisfaed  as  follows : 

1^.  Liquid  caseim  in  milk,  is  not  ooagnhted  by  heating  tdoue—iht  addi* 
lioD  of  reooet  or  eCa  little  acid  (rioegar  or  spirit  of  salt)  is  necessary,  when 
it  curdles  readily. 

2^.  Liquid  albumen  in  white  of  egg,  coagylates  by  heat  alone,  as  when  an 
9gg  is  put  into  hot  water. 

3®.  Liquid  JiMn  ia  the  blood  coagulates  by  mere  exposura  to  the  air,  or 
more  rapidly  by  agitation  in  contact  with  the  air. 

Like  starch  andsugar  these  three  substances  are  mutually  convertible  by 
known  means.  Thus^rtn,  if  unboiled,  dissolves  by  digestion  at  SO**  F.  in 
a  saturated  sohition  of  nitre,  and  aeqaires  the  properties  oiliquid  aibmmeni 
aad  if  to  Hquid  tdhtmen  a  little  caustic  potash  be  added,  and  afterwards 
much  alcohol,  it  will  be  thrown  down  in  the  form  and  with  the  properties  of 
casein. 

AH  these  substances  appear  to  contain  the  same  organic  constituents  in  the 
same  proportions. 

Boussiagault  first  shewed  the  identity  in  chemical  constitution  of  gluten 
and  vege^ble  albumon.^  Mulder  afterwards  proved  a  similar  identity  be- 
tween vegetable  albumen  and  the  white  of  egg,  fibrin,  and  casein.t  Mulder 
supposes  them  to  difler  from  each  other  by  die  presence  in  unlike  quantities 
of  a  small  admixture  of  sulphur,  phosphorua  or  phoephate  of  lime. 

Those  who  ate  not  femiKar  with  the  histoij  and  with  the  nature  of  chemical 
research,  can  form  no  idea  of  the  time  anci  labour  which  has  by  difierent 
chemists  been  expended  on  this  one  branch.  The  persevering  industry  of 
Dr.  Mulder,  of  Rotterdam,  appeared  to  have  cleared  up  the  entire  subject  by 
a  long  series  of  investigations  and  analyMS,$  when  first  Vogal,  then  Prospef 
Denis,  and  latest  Liebig  and  Dr.  Scheerer,  have  arrived  at  different  results. 
Our  ideas  are  thus  again  unfixed,  and  our  partial  generalizations  set  aside  for 
future  emendation. 

The  analysis  inserted  in  the  text,  as  representing  the  composition  of 
glutei  and  vegetable  albumen,  is  that  given  by  Dr.  Scheerer  for  the 
porast  fom  of  .^^rm.  I  have  selected  it  in  prefierence  to  Uie  results  either 
of  Boussingault  or  of  Mulder,  because  it  is  the  most  recent,  and  has 
been  obtained  with  a  knowledge  of  all  the  previous  researches,-— and 
assaming  the  chemical  identity  of  this  entire  group  of  substances,  is  the 

[*  Peg.  Aa.  xl.  p.  263.] 
[t  Ann.  de  Chim.  et  de  Phyt.  Ixv.,  p.  301.1 

£tFor  an  outline  of  his  results,  see  Baraelios  Arsber&ttlese,  1889|  p.  611.] 
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If  unmalted  barley  be  so  treated  no  diaataae  ia  obtained. 
This  substance,  therefore,  is  formed  during  the  process  of 
malting. 

If  wheat,  or  barley,  or  potatoes,  which  by  steeping  in 
water  yield  no  diastase,  be  made  to  germinate  (or  sprout), 
and  be  afterwards  bruised  and  treated  as  above,  diastase 
will  be  obtained.  J&  is  therefore  produced  during  germi- 
nation. 

If  the  shoot  of  a  potato  be  cut  off  within  half  an  inch 
of  its  base,  this  lower  portion  with  the  part  of  the  potato 
td  which  it  is  immediately  attached,  separated  from  the 
rest — and  the  three  parts  (the  upper  portion  of  the  shoot—* 
the  lower  portion  with  its  attached  fragment  of  potato— 
and  the  remaining  mass  of  the  potato)  treated  with  wa- 
ter,— only  that  portion  will  yield  diastase  in  which  the  base 
of  the  shoot  is  situated.  When  a  seed  sprouts,  therefore* 
this  substance  is  formed  at  the  base  of  the  germ,  and  there  re* 
mains  during  its  growth. 

If  the  same  portion  of  the  potato,  or  if  the  grain  of  bar^ 
ley  or  wheat  is  examined,  when  the  first  true  leaves  of  the 
plant  have  been  fully  formed  and  expanded,  the  diastase 
will  be  found  to  have  in  great  part,  if  not  entirely,  dtsap* 
peared.  This  substance,  tberef(»re,  is  first  formed  when  the 
seed  begins  to  sprout,  performs  a  function  which  makes  ita 
presence  necessary  at  the  base  of  the  germ,  and  which 
function  being  discharged  when  the  true  leaves  areformed* 
it  then  disappears.  What  is  the  nature  of  this  temporary 
function,  why  the  diastase  must  reside  at  the  base  of  the 
sprout  in  order  to  discharge  it,  and  why  it  should  so  early 
cease,  will  appear  from  a  detail  of  the  properties  of  this 
singular  substance. 

Properties  of  diastase.-^l£  the  solution  obtained  from 
malt  be  digested  with  potato,  flour,  or  other  starch,  at  a 
temperature  between  120^  and  140<>  F.,  the  latter  will  gra* 

most  likely  to  rq>retent  their  conetitution  with  accuracy.  It  differs  from 
the  analysifl  of  Mulder  onljf  in  stating  the  nitrogen  at  2  percent,  higher  tbsn 
was  done  by  that  chemist.  The  recent  improTementa  in  the  mode  of  deter- 
mining the  true  qoantity  of  nitrogen  in  oi^ganic  tubstances,  appear  to 
Justify  us  in  expecting  the  result  of  Scheerer  to  be  in  this  respect  CM  idoi« 
correct. 
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doa1]y  dissolve  and  will  form  a  colourless  transparent  sola- 
tion.  When  this  solution  is  carefully  evaporated  a  yellow- 
ish white  powder  is  obtained,  perfectly  soluble  io  water,  to 
which  the  name  of  dextrine*  has  been  given.  This  dez* 
trine  has  the  same  composition  as  starch.  It  is  merely 
atarch  changed  or  transformed  in  such  a  way  as  to  become 
soluble  in  cold  water, — a  change  analogous  to  that  which  it 
undergoes  by  simply  boiling  in  water. 
'  fiat  if  the  digestion  be  continued  after  the  starch  is  dis- 
solved, the  solution  will  gradually  acquire  a  sweet  taste,  and 
if  it  be  now  evaporated  it  will  yield,  instead  of  dextrine,  a 
mixture  of  gum  and  grape-sugar.  And  if  the  digestion  be 
still  further  prolonged,  the  ^hole  of  the  starch  will  be  con- 
verted into  grape  sugar  only.t 

Thus  diastase {Wke  sulphuric  acid)  possesses  the  property 
of  transforming  starch  entirely — first  into  gum,  and  then 
into  grape  sugar.  The  intermediate  stage  of  dextrine  has 
not  been  recognised  in  the  action  of  sulphuric  acid,  nor  is 
it  easy  to  arrest  the  action  of  diastase  exactly  at  this  point 
—-the  roost  carefully  prepared  dextrine  always  containing  a 
mixture  of  gum  and  sugar.  One  part  of  diastase  will  con- 
vert into  sugar  2000  parts  of  starch. 

A  solution  of  diastase,  when  allowed  to  stand,  soon  under- 
goes decomposition,  and  after  being  boiled,  it  has  no  further 
efleet  upon  starch.  It  has  not  been  analyzed,  because  it  is 
difficult  to  obtain  it  in  a  pure  state.  It  contains  nitrogen, 
however,  for,  when  moistened  and  exposed  to  the  air,  it 
decomposes,  and,  among  other  products,  yields  ammonia.^ 

The  functions  of  diastase — one  of  the  purposes  at  least 
for  which  it  is  produced  in  the  living  seeo,  and  situated  at 
the  base  of  the  germ — will  now  be  in  some  measure  under- 
stood. The  starch  in  the  seed  is  the  food  of  the  future 
germ,  prepared  and  ready  to  minister  to  its  wants  whenever 
heat  and  moisture  concur  in  awakening  it  to  life.    But 

*  Bocaase  its  solution  turns  to  the  right  a  ray  of  polaiised  light  when 
passed  through  it. 

t  See  ahore  $  6,  p.  166. 

X  It  will  be  reeollected  that  ammooia  contains  nitrogeo,  being  represented 
by  NHS.    See  Lecture  III.,  p.  68. 
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Starch  is  itself  insoluble  in  water,  and  could  not»  tbereforey 
accompany  the  fluid  sap  when  it  begins  to  move  and  cir- 
culate. For  this  reason  diastase  is  formed  at  the  point 
where  the  germ  first  issues  from  the  mass  of  food.  There 
it  transforms  the  starch,  and  renders  it  soluble,  so  that  the 
young  vessels  can  take  it  up  and  convey  it  to  the  point  of 
srowtb.  When  the  starch  is  exhausted  its  functions  cease, 
it  is  then  itself  transformed  and  carried  into  the  general 
circulation.  Or  when,  as  in  the  potato,  much  more  starch 
is  present  than  is  in  many  cases  requisite,  its  function 
ceases  long  before  the  whole  of  the  starch  disappears.  Ita 
presence  is  necessary  only  until  the  leaves  and  roots  ara 
fully  formed — when  the  plant  is  enabled  to  provide  for  it* 
self,  and  becomes  independent  of  the  starch  of  the  seed. 
When  this  period  arrives,  therefore,  the  production  of  dias- 
tase is  no  longer  perceived. 

This  I  have  said  is  one  of  the  purposes  which  appean 
to  be  served  by  diastase  in  the  vegetable  economy.  That  it 
is  the  only  one  we  have  no  reason  to  believe.  There  may 
be  others  quite  as  interesting,  which  we  do  not  as  yet  under- 
stand. This  is  rendered  more  probable  by  the  fact  that  the  di- 
astase contained  in  one  pound  of  malted  barley  is  capable  of 
converting  into  sugar  five  ponnds*  of  starch.  (Liebig.)  And 
though  at  the  temperature  at  which  the  seed  germinates, 
more  of  this  substance  may  be  necessary  to  transform  the 
same  weight  of  starch  than  is  required  in  our  hands,  when 
aided  by  artificial  heat, — ^yet  as  we  never  in  the  ordinary 
course  of  nature  find  any  thing  superfluous  or  going  to 
waste,  there  is  reason  to  believe  that  the  diastase  may  be 
intended  also  to  contribute  directly  to  the  nourishment  and 
growth  of  the  plant.    As  it  contains  nitrogen,  it  must  be 

*  Itli  the  diattMe  in  male  wkicb  disMlvet  tba  ftsrcb  of  the  bari«y  in  tb* 
procetf  of  brewing,  but  as  the  diutase,  contained  in  malt  is  sufficient  to 
diMolTe  so  large  a  quantity  of  starch,  it  is  ohviouslj  a  waste  of  labour  to  malt 
the  whole  of  the  barley  employed.  One  of  malt  to  three  of  barley  would 
probably  be  sufficient  in  most  cases  to  obtain  a  wort  oontaining  the  whole  of 
the  starch  in  solution.  Advantage  is  taken  of  this  property  in  the  mamifiie- 
ture  of  the  vkiie  beer  of  Louvain,  and  of  other  plaoes  in  Flanders,  and  m 
Genaany,  where  the  Hgbt  colour  is  secorKl  by  adding  a  large  quantity  of 
flour  to  a  deoociioD  of  a  small  quantity  of  barley. 
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detiTed  from  the  gluten  or  vegetable  albumen  of  the  seed  ; 
and  as  a  young  plant  of  wheat,  when  already  many  inches 
from  the  ground,  contains  no  more  nitrogen  than  was  origi- 
nally present  in  the  seed  itself  (Boussingault),  this  diastase 
may  only  be  the  result  of  one  of  those  transformations  of 
which  gluten*  is  susceptible,  and  by  which  it  is  rendered 
soluble,  and  capable  of  aiding  in  the  production  of  those 
parts  of  the  substance  of  the  growing  plant  into  which  ni- 
trogen enters  as  a  necessary  constituent. 

It  may  not  be  uninstructive  if  we  pause  here  for  a  mo- 
ment and  consider  the  beauty  of  the  arrangements  we  have 
just  been  describing.  In  passing  through  a  new  and  inter- 
esting country  we  do  not  hesitate,  at  times,  to  stop  and 
gaze,  and  leisurely  admire.  We  cannot  otherwise  fully  re- 
alize and  appreciate  its  beauty.  So  in  the  domains  of  sci- 
ence, we  cannot  be  oyer  hurrying  on — ^we  must  linger  occa- 
sionally, not  only  that  we  may  more  carefully  observe,  but 
that  we  may  meditate  and  feel. 

You  see  how  bountifully  nature  has  provided  in  the  seed 
for  the  nourishment  of  the  young  plant,  how  carefully  the 
food  is  stored  up  for  it,  and  in  how  imperishable  a  form — 
how  safely  covered  also  and  protected  from  causes  of  decay ! 
For  hundreds  of  years  the  principle  of  life  will  lie  dormant, 
and  for  as  many  the  food  will  remain  sound  and  undimin- 
ished till  the  time  of  awakening  comes.  Though  buried 
deep  in  the  earth,  the  seed  defies  the  exertions  of  cold  or 
rain,  for  the  food  it  contains  is  unaffected  by  cold  and  ab- 
solutely insoluble  in  water.  But  no  sooner  is  the  sleeping 
germ  recalled  to  life,  by  the  access  of  air  and  warmth  and 
duly  tempered  moisture,  than  a  new  agent  is  summoned  to 
its  aid,  and  the  food  is  so  changed  as  to  be  rendered  capable 
of  ministering  to  its  early  wants.  The  first  movement  of 
the  nascent  germ  (and  how  it  moves,  by  what  inherent  or 
impartial  force,  who  shall  discover  to  us?) — is  the  signal  for 
the  appearance  of  this  agent — diastase— of  which,  previous 
to  germination,  no  trace  could  be  discovered  in  the  seed. 
At  the  root  of  the  germ,  where  the  vessels  terminate  in  the 

*  That  dUuUtse  it  menly  transformed  ghiten  we  cannot  lay,  because  the 
exact  chemical  ooiMtitution  of  diastase  is  as  yetunknowo. 
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farioaceous  matter,  exactly  where  it  i^  wanted,  this  sub- 
atsDce  is  to  be  fouDd  ; — there,  and  there  only,  resolving  and 
transforming  the  otherwise  unavailable  store  of  food,  and 
preparing  it  for  being  conveyed  either  to  the  ascending 
sprout  or  to  the  descending  root.  And  when  ihe  necessity 
for  its  presence  ceases — when  the  green  leaf  becomes  de- 
veloped, and  the  root  has  fairly  entered  the  soil — when  the 
plant  is  fitted  to  seek  food  for  itself — ^then  this  diastase  dis- 
appears, it  undergoes  itself  a  new  conversion,  and  is  pre- 
pared in  anodier  form  to  contribute  to  the  further  increase 
of  the  plant. 

How  beautiful  and  provident  are  all  these  arrangements  I 
— how  plastic  the  various  forms  of  organic  matter  in  the 
hands  of  the  All-Intelligent ! — how  nicely  adjusted  in  time 
and  place  its  diversified  changes !  What  an  apparently 
lavish  expenditure  of  forethought  and  kind  provision,  io 
behalf  even  of  the  meanest  plant  that  grows ! 

§  9.  Vegetable  (leidt, — Acetic  acid^  OxaHc  add,  Tartaric 

add,  Citric  add.  Malic  acid, 

Ano&her  class  of  compound  substances  remains  to  be 
shortly  considered,— those,  namely,  which  possess  sour  or 
acid  properties,  and  which  are  known  to  be  present  in  large 
quantity  in  many  plants,  and  more  especially  in  the  greater 
number  of  unripe  fruits.  They  do  not,  taken  as  a  whole, 
form  any  large  portion  of  the  entire  produce,  either  of  the 
general  vegetation  of  the  globe  or  of  those  plants  which  are 
cultivated  for  food ;  yet  the  growth  of  fniit-*as  in  the 
grape,  orange,  and  appleoountries"— is  sufficiently  extensive, 
and  the  general  interest  in  the  cultivation  of  fruit  trees 
sufficiently  gpreat,  to  require  that  the  nature  of  the  sub- 
stances contained  in  fruits,  and  the  peculiar  changes  by 
which  they  are  formed,  should  be  in  some  measare  coq- 
sidered  and  explained. 

I. — AOBTIC  ACID. 

Acetic  add  or  vinegar  is  the  roost  extensively  diffused, 
and  the  roost  largely  produced,  of  all  the  organic  acids.  It 
is  formed  during  the  germination  of  seeds,  and  it  exists  in 


FK0rPKRTlB«  OF  ACSTIO  ACID.  179 

the  juices  of  many  plants,  but  it  is  most  abundantly  evolved 
during  the  fermentation,  ^\-hetber  natural  or  artificial,  of 
nearly  all  vegetable  substances.  When  pure  it  is  a  colour- 
less liquid,  having  a  well  known  agreeably  acid  taste.  It 
may  be  boiled  and  distilled  over  without  being  decomposed. 
The  vinegar  of  the  shops  is  generally  very  much  diluted, 
but  it  can  be  prepared  of  such  a  strength  as  to  freeze  and 
become  solid  at  i5^  F.,  and  to  blister  the  skin  and  produce 
a  sore  when  applied  to  any  part  of  the  body.  When 
mixed  with  water  it  readily  dissolves  lime,  magnesia,  alu- 
mina, &c.,  forming  salts  called  acetates,  which  are  all  solu- 
ble in  water,  and  may,  therefore,  be  readily  washed  out  of 
the  soil  or  of  compost  heaps  by  heavy  falls  of  rain. 

When  perfectly  free  from  water,  acetic  acid  consists  of— 

Carbon  ,        47*5  per  cent.,  or  4  atomtf. 

Hydrogen    .         .         •  5*8  per  cent.,  or  3  atomi. 

Oxygen       .        .        .        46*7  per  cent.,  or  3  atoms. 

too 

It  is  therefore  represented  by  the  formula  C*  H'  O— 
in  which,  as  in  those  given  in  the  preceding  sections  for 
starch,  sugar,  kc,  the  numbers  representing  the  atoms  of 
hydrogen  and  oxygen  are  equal,  and  consequently  these 
elements  are  in  the  proportion  to  form  water.  Hence 
vinegaF,  like  sugar,  may  be  represented  by  carbon  and 
water. 

Let  us  consider  for  a  moment  the  several  processes  by 
which  this  acid  is  usually  formed. 

lo.  By  the  distillation  of  wood. — This  is  a  method  by  which 
wood  vinegar— often  called  pyroligneous  acid — is  prepared 
in  large  quantity.  Wood  which  has  been  dried  in  the  air 
is  put  into  an  iron  retort  and  distilled.  The  principal  pro- 
ducts are  vinegar,  water,  and  tarry  matter.  The  decom- 
position is  of  a  complicated  description,  but  by  comparing 
the  constitution  of  woody  fibre  with  thatof  vinegar,  we  can 
readily  see  the  nature  of  the  changes  by  which  the  latter  is 
produced. 

Woody  Fibre  is  -  C»«  HP  ()• 
3  of  ViNEOAR  are  —  C^*  H"  & 


Difference  —         H^  O^ ;  or  the  ele« 
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menu  of  one  atom  of  water.  One  portion  of  the  woody 
fibre,  therefore,  combines  with  the  elementa  of  an  atom  of 
water,  obtained  by  the  decomposition  of  another  portion, 
and  thus  vinegar  is  produced. 

20.  Manufacture  of  Vinegar  from  Cane-9Ugar. — ^It  b  a 
well  known  fact  in  domestic  economy,  that  if  cane-sugar 
be  dissolved  in  water,  a  little  vinegar  added  to  it,  and  the 
solution  kept  for  a  length  of  time  at  a  moderate  tempera- 
ture, the  whole  will  be  converted  into  vinegar  without  any 
sensible  fermentation.  This  process  is  frequently  followed 
in  the  preparation  of  household  vinegar,  and  was  formerly 
adopted  to  some  extent  in  our  chemical  manufactories.  It 
will  be  recollected  that  we  represented 

Cane  Sugar  by    C*»  H'«  0'\  while 

3  of  ViNEOAR  -     C»'  H»    ()• 


Difference  H^    O  ;  or  the  elements 

of  an  atom  of  water,  which  cane-sugar  must  lose  in  order  to 
be  converted  into  vinegar.  Whether  the  change  in  this 
instance  takes  place  by  the  direct  conversion  of  cane-sugar 
into  vinegar,  or  whether  the  former  is  previously  trans- 
formed into  grape  sugar,  has  not  been  satisfactorily  deter- 
mined. 

3*^.  Manufacture  of  Vinegarjrom  Alchohol. — In  ^Germa- 
ny, where  common  brandy  is  cheaper  than  vinegar,  it  is 
found  profitable  to  manufacture  this  acid  from  weak  spirit. 

For  this  purpose  it  is  mixed  with  a  little  yest,  and  then 
allowed  to  trickle  over  wood  shavings  moistened  with  vine- 
gar, and  contained  in  a  cask,  the  sides  of  which  are  perfo- 
rated with  holes  for  the  admission  of  a  current  of  air.  By 
this  method  oxygen  is  absorbed  from  the  air,  and  in  24 
hours  the  alcohol  in  the  spirit  is  converted  into  vinegar  and 
water. 

The  explanation  of  this  process  is  also  simple,  alcohol 
b  eing  represented  by  C*  H^  O^     Thus — 

Alcohol  -  C*  H«  0\  .  Vinkoar-C*  IP  & 

4  of  QzTOBN   -  O*  (  S  3  of  Water  —     H'  O* 

Sum        -.eH'O* 
Sam 
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io.  Production  of  Vinegar  hy/ermeniatiim,'--''When  vege- 
table matters  are  allowed  to  ferment,  carbonic  acid  is  given 
off  and  vinegar  is  formed.  In  sucb  cases  this  acid  is  the 
result  of  a  series  of  changes,  during  which  that  portion  of 
the  vegetable  matter  which  has  at  length  reached  the  state 
of  vinegar  has  most  probably  passed  through  the  several 
previous  stages  of  grape,  sugar,  and  alcohol.  The  carbonic 
acid,  as  has  already  been  explained  (p.  169,)  is  given  off 
during  the  fermentation  of  the  grape-sugar,  and  the  conse- 
quent formation  of  alcohol. 

To  simple  transformations,  similar  to  those  above  de- 
scribed, we  can  trace  the  origin  of  the  vinegar  which  is  met 
with  in  the  living  juices  of  plants,  and  among  the  products 
of  their  decay. 

II. — ^TARTARIC   ACID. 

The  grape  and  the  tamarind  owe  their  sourness  to  a  pe- 
culiar acid  to  which  the  name  of  tartaric  acid  has  been 
given.  It  is  also  present,  along  with  other  acids,  in  the 
mulberry,  in  the  berries  of  the  sumach  {rhu9  cmarO,)  and 
in  the  sorrels,  and  has  been  extracted  from  the  roots  of  the 
couch-grass  and  ihe  dandelion. 

When  new  wine  is  decanted  from  the  lees,  and  set  aside 
in  vats  or  casks,  it  gradually  deposits  a  hard  crust  or  tartar 
on  the  sides  of  the  vessels.  This  substance  is  known  in 
commerce  by  the  name  of  argol,  and  when  purified  is  fa- 
miliar to  you  as  the  cream  of  tartar  of  the  shops.  It  is  a 
compound  of  tartaric  acid  witb  potash,  and  from  it  tartaric 
acid  is  extracted  for  use  in  medicine  and  in  the  arts.  The 
principal  use  of  the  acid  is  in  certain  processes  of  the 
calico  printers. 

The  pure  acid  is  sold  either  in  the  form  of  a  white  pow- 
der or  of  transparent  crystals,  which  are  colourless,  and 
have  an  agreeable  acid  taste.  It  dissolves  readily  in  water, 
and  causes  a  violent  effervescence  when  mixed  with  a  solu- 
tion of  the  carbonate  of  potash  or  of  toda.  As  it  has  no 
injurious  action  upon  the  system,  it  is  extensively  used  in 
artificial  soda  powders  and  effervescing  draughts.  When 
added  in  sufficient  quantity  to  a  solution  containing  potash, 

16 


IM  COMITITITTIOir  or  TABTABIC  AOID. 

k  eansM  a  white  cryfltallina  powder  to  fall,  which  i«  cream 
ef  tartar  (or  hUaritate  qf  potash)^  and  from  lime  water  it 
IbrowB  down  a  white  chalky  precipitate  of  tartrate  qf  Ume. 
Bolh  of  these  compounds  are  present  in  the  grape. 
When  perfectly  free  from  water  this  acid  conabta  of— 

Carboo  w  36*81  or  4  atoms. 

Hydrogen  .  •»    3*00  or  S  atoma. 

Oxygan  ss  60' 19  or  5  atoma. 

100 

It  is,  therefore,  represented  hy  the  formula  C*  H*  O*. 

If  we  compare  the  numbers  by  which  the  atoms  of  hy- 
Arogen  and  oxygen  in  this  acid  are  expressed,  we  see  that 
these  elements  are  not  in  the  proportion  to  form  water,  and 
that  this  substance,  therefore,  cannot,  like  so  many  of  those 
we  have  hitherto  had  occasion  to  notice,  be  represented  by 
carbon  and  the  elements  of  water  aUme, 

It  may  be  represented  by 
4  of  Carbok  .  .  =  C* 

2  of  Water  .  .  =        IP  O*  ^  or,  4C+2H0+3O 
and  3  of  Oxygen  .  .  = 


Tartaric  Acid  =  C*  IP  O* 
Andy  though  this  mode  of  representation  does  not  truly  ez- 
libit  the  constitution  of  the  acid,  inasmuch  as  we  have  no 
*ea8on  to  believe  that  it  really  contains  water  as  such — yet 
it  serves  to  show  very  clearly  that  in  the  living  plant  this 
acid  cannot  be  formed  directly  from  carbon  and  the  elements 
of  water,  as  starch  and  sugar  may,  but  that  it  requires  also 
three  atanu  of  oxygen  in  excess  to  every  five  of  carbon  and 
two  of  water.  We  shall,  in  the  following  lecture,  see 
how  nicely  the  functions  of  the  several  parts  of  the  plant 
are  adjusted, — at  one  period  to  the  formation  of  this  acid» 
and  at  another  to  its  conversion  into  sugar  during  the  ripen- 
ing of  the  fruit. 

111. — CITRIC  ACID   OR  ACID  OF  LEMONS. 

This  acid  gives  their  sourness  to  the  lemon,  the  lime,  the 
orange,  the  cranberry,  the  red  whortleberry,  the  bird-cherry , 
and  the  fhiits  of  the  dog-rose  and  the  woody  night-shade. 
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It  is  also  found  in  some  roots,  as  in  those  of  the  ddilkt  pi»* 
nata,  and  the  asarum  europeuin  {oiarroBacea),  and  nixed 
with  much  malac  acid,  in  the  current,  cherry,  goosebenyt 
raspberry,  strawberry,  eommoa  whortleberry,  and  the  fmit 
of  the  hawthorn. 

When  extracted  from  the  juice  of  the  lemon  or  Kme,  and 
afterwards  purified,  it  forms  transparent  colourless  crysUii, 
possessed  of  an  agreeable  acid  taste ;  efferresces  like  ta9> 
taric  acid  with  carbonate  of  soda,  and  like  it,  therefore,  is 
much  employed  for  effervescing  draughts.  With  potash  k 
forms  a  soluble  salt,  which  is  a  eitraU  of  potaih^  and  from 
lime  water  it  throws  down  a  white,  nearly  insoluble^  sedi- 
ment of  citrate  ffUme,  which  re-dissolros  when  the  aeid  is 
added  in  excess.  In  corabioation  with  lime  it  exists  in  the 
tnbeTB,  and  with  potash  io  the  roots,  of  the  Jerusalem  arti- 
choke. 

When  flree  from  water,  citric  acid  consbts  of 

Caibon  41'49  n>  4  mtooM. 

Hydrogen    .  8*48  «■  9  itomfc 

Oxjgwi       •  55*08  mm  4  •tone' 

ISO 

and  is  therefore  represented  by  C^  H*  O^. 

This  formula  diners  from  that  assigned  to  the  tartaric 
acid  only  in  containing  one  atom  of  oxygen  less,  O'  instead 
of  O^.  in  the  citric  acid,  therefore,  there  are  2  atoms  of 
oxygen  in  excess,  above  what  is  necessary  to  form  water 
with  the  2  of  hydrogen  it  contains. 

f. MALIO  ACID. 

The  malic  and  oxalic  acids  are  more  extensively  diffused 
in  living  plants  than  any  other  vegetable  acids.  If  acetic 
acid  be  more  largely  formed  in  nature,  it  is  chiefly  as  a  pro- 
duct  of  the  decomposition  of  organic  matter  when  it  has  al- 
ready ceased  to  exist  io,  or  to  form  part  of,  a  living  plant 

Along  with  the  citric  acid,  it  has  been  already  stated  that 
the  malic  occurs  in  many  fruits.  It  is  found  more  abun- 
dantly, however,  and  is  the  chief  cause  of  the  sour  taste,  in 
the  unripe  apple»*  the  plum,  the  sloe,  the  elderberryi  the 

*  Hence  its  name  MoitVecid. 
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barbeny,  the  fruit  of  the  tnouDtain  aah,  and  many  others. 
It  is  associated  with  the  tartaric  acid  in  the  grape  and  in  the 
Affave  americana. 

This  acid  is  not  used  in  the  arts  or  in  medicine,  and 
therefore  is  not  usually  sold  in  the  shops.  It  is  obtained 
most  readily,  in  a  pure  state,  from  the  berries  of  the  moun- 
tain ash.  It  forms  colourless  crystals,  which  have  an 
agreeable  acid  taste.  It  combines  with  potash,  soda,  lime, 
and  magnesia,  and  forms  malaUs,  and,  in  combination  with 
one  or  more  of  these  baaes,  it  usually  occurs  in  the  fruits 
and  juices  of  plants.  The  maJate  of  lime  is  soluble,  while 
the  citrate  as  already  stated,  is  nearly  insoluble,  in  water. 
This  malate  exists  in  large  quantity  in  the  juice  of  the 
bouse-leek  {sernpervivum  tectarum)  in  the  Sedum  telephiuro, 
the  Arum  maculatum,  and  many  other  juicy  and  fleshy- 
leaved  plants. 

When  perfectly  free  from  water,  the  malic  acid  has.  ex- 
actly the  same  chemical  constitution  as  the  citric,  and  is 
represented  by  the  same  formula  C*  H*  O*.  These  two 
acids,  therefore,  bear  the  same  relation  to  each  other  as  we 
have  seen  that  starch,  guny,  and  sugar  do.  They  are  what 
chemists  call  isomerir.,  or  are  isomeric  bodies.  We  cannot 
transform  them,  however,  the  one  into  the  other,  by  any 
known  means,  though  there  is  every  reason  to  believe  that 
they  may  undergo  such  transformations  in  the  interior  of 
living  plants.  Hence  probably  one  reason  also  why  the 
malic  and  citric  acids  occur  associated  together  in  so  many 
different  fruits. 

V.^-OXALIO  ACID. 

This  acid  has  already  been  treated  of,  and  its  properties 
and  composition  detailed,  in  a  preceding  lecture  (Lecture 
III.  p.  61).  It  forms  colourless  transparent  crystals,  having 
an  agreeably  acid  taste,,  and  it  effervesces  with  the  carbon- 
ates of  potash  and  soda,  but  on  account  of  its  poisonous 
qualities,  it  is  unsafe  to  administer  it  as  a  medicine.  It  oc- 
curs in  combination  with  potash  in  the  sorrels,  in  rhubarb 
and  in  the  juices  of  many  lichens.  Those  lichens  which 
incrust  the  sides  of  rocks  and  trees,  not  nnfrequently  con- 
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tain  half  their  weight  of  this  acid  in  combination  with  Ubm. 
It  can  be  formed  artificially  by  the  action  of  the  nitric  acid 
on  starch,  sugar,  gum,  and  many  other  organic  substances. 
When  perfectly  free  from  water,  oxalic  acid  contains  no 
hydrogen ;  but  consists  of-— 

CarboD        ...        38*75  ae  2  atomt. 
Oxjgea       .        -        .        66-25  ss )  aUmt. 
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and  it  is  represented  by  (?  (y.  When  heated  with  strong 
sulphuric  acid,  it  is  decomposed  and  resolved  into  gaseous 
carbonic  acid  (C  O*)  and  carbonic  oxide  (C  O)  in  eoual 
volumes.     This  change  is  easily  understood  since  C  Cr  4- 

co-c?o*. 

§  10.  General  ohservoHons  an  the  substances  qftokieh  plants 

chiefly  consist. 

It  may  be  useful  here  shortly  to  review  the  most  impor- 
tant facts  and  conclusions  which  have  been  adverted  to  in 
the  present  lecture. 

l^.  The  great  bulk  of  plants  consists  of  a  series  of  sub- 
stances capable  of  being  represented  by  and  consequently 
of  being  formed  in  natnre  from,  carbon  and  the  elements 
of  water  only.  Such  are  woody  fibre,  starch,  gum,  and  the 
several  varieties  of  sugar  (p.  162). 

2^.  Yet  the  crude  mass  of  wood,  as  it  exists  in  a  full* 
grown  tree,  containing  various  substances  in  its  pores,  can- 
not be  represented  by  carbon  and  the  elements  of  water 
alone.  It  appears  always  to  contain  a  small  excess  of  hy- 
drogen, which  is  greater  in  some  trees  than  in  others. 
Thus  in  the  chesnut  and  the  lime,  this  excess  is  greater 
than  in  the  pines,  while  in  the  latter  it  is  greater  than  in 
the  oak  and  the  ash.* 

30.  These  substances  are,  in  many  cases^  mutually  con- 
vertible even  in  our  hands.  They  are  probably,  therelbre, 
still  more  so  in  nature. 

It  is  to  be  observed,  however,  that  all  the  transformations 

*  For  a  series  of  analyses  of  dii^rent  kinds  of  wood  by  PeteneB  and 
Sahodler,  see  Thomion's  Orgtmic  Ckemisty^  p.  849. 
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we  can  as  yet  effect  are  in  one  direction  only.  We  can 
produce  the  above  compounds  from  each  other  in  the  order 
of  lignin  or  starch,  gum,  cane-sugar,  grape-sugar — that  is, 
we  can  couTcrt  starch  into  gum,  and  gum  into  sugar,  but 
we  cannot  reverse  the  process,  so  as  to  form  cane  from 
grape-sugar,  or  starch  from  gum. 

The  only  apparent  exception  to  this  statement  with 
which  we  are  at  present  acquainted,  occurs  in  the  case  of 
starch.  When  this  substance  is  dissolved  in  ccld  concen- 
trated nitric  acid,  and  then  mixed  largely  with  water,  a 
substance*  fiills  to  the  bottom  which  is  a  con^pound  of  the 
nitric  acid  with  woody  fibre  (C*'  H*  0^).f  In  this  in- 
stance if  the  above  observation  is  correct,  there  appears  to 
be  an  actual  conversion  of  starch  into  woody  fibre. 

But  what  we  are  as  yet  unable  to  perform  may,  neverthe- 
less, be  easily  and  constantly  efiected  in  the  living  plant. 
Not  only  may  what  is  starch  in  one  part  ofthetreebe 
Xransformed  and  conveyed  to  another  part  in  the  form  of 
'  8Ugar,-«-bat  that  which,,  in  the  form  of  sugar  or  gum,  passes 
upwards  or  downwards  with  the  circulating  sap,  may,  by 
the  instrumentality  of  the  vital  processes,  be  deposited  in 
the  stem  in  the  form  of  wood,  or  in  the  ear  in  that  of  starch. 
Indeed  we  know  that  such  actually  does  take  place,  and 
that  we  are  sti)l»  therefore,,  very  far  from  being  able  to  imi- 
tate nature  in  her  power  of  transfo]:miog  even  this  one 
group  of  substances  only. 

4^.  Among,  or  in  connection  with,  the  great  masses  of 
vegetable  matter  which  consist  mainly  of  the  above  sub- 
stances, we  have  bad  occasion  to  notice  a  few  which  con- 
tain nitrogen  as  one  of  their  constituents^— and  which,  though 
forming  only  a  small  fraction  of  the  products  of  vegetable 
^rovrth  yet  appear  to  exercise  a  most  important  influence 
m  the  general  economy  of  animal  as  well  as  of  vegetable  life. 
The  functions  performed  by  diastase  in  reference  to  vegeta- 
ble growth,  and  to  the  transformations  of  organized  vegeta- 
ble substances,  have  already  been  in  some  measure  illus- 

•  Tbe^jiloMiMiofBnooBBot. 

t  Pekraie,  tee  Bcmltat  J«6erdtfe^,  1899,  p.  416. 
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tiiited,--*>we  sball  hereafter  bare  an  opportaniiy  of  conrid- 
erlng  more  fally  the  influence  which  glnten  and  vegetable 
albumen  exercise  over  the  general  efficiency  of  the  products 
of  vegetation  in  the  support  of  animal  life,  and  over  the 
changes  which  these  products  must  undergo,  before  they 
can  be  converted  into  the  substance  of  animal  bodies.  In 
a  former  lecture  (Lecture  IV.  p.  91,)  I  have  had  occasion 
to  draw  your  attention  to  the  coroparativelv  small  proper* 
tion  in  which  nitrogen  exists  in  the  vegetable  kingdom,  and 
to  show  that  it  must  nevertheless  be  considered  as  much  a 
necessary  and  constituent  element  in  their  composition  as 
the  carbon  itself;  the  very  remarkable  properties  we  have 
already  discovered  in  the  compounds  above  mentioned 
strongly  confirm  this  fact,  and  illustrate  in  a  striking  man- 
ner the  influence  of  apparently  feeble  and  inadequate 
causes  in  producing  important  natural  results. 

5<>.  With  the  exception  of  acetic  acid,  which  in  consti- 
tution is  closely  related  to  sugar*  and  gum,  all  the  acid 
substances  to  which  it  has  been  necessary  to  advert,  con- 
tains an  excess  of  oxygen  above  what  is  necessary  to  form 
water  with  the  hydrogen  they  contain.     Thus 

ViNEOAB  =  C*  IP  O*  contains  no  excess  of  oxygen. 

Tartaric  Acid  =  C^  H'  O'  ...  3  of  oxygen  in  excess. 

Malic  Acid  >       p4  tj«  rv  9 

Citric  Acid  /  -  ^  ^  ^  •  •  •  -« 

Oxalic  Acid     =      C*G"...S        

It  requires  a  little  consideration  to  enable  us  to  appreciate 
the  true  importance  of  these  and  other  org^ic  acids,  in  the 
vegetable  economy.  At  first  sight  they  appear  to  form  a 
much  smaller-  part  of  the  general  products  of  vegetation 
than  is  really  the  case.  We  must  endeavour  to  conceive 
the  quantity  actually  produced  by  a  single  tree  loaded  with 
thousands  of  lemons,  oranges,  or  apples,— or  again  how 
much  is  formed  during  the  growth  of  a  single  comparatively 

*  It  is  identical  in  contdtotion  with  earamd  (p.  167}— the  anctyttalUxabto 
ingar  of  lynipt.     For 

ViMftr..  CaroML 

(O  H*  0^  X  8)  —  C«H*0^. 
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flondl  pltat  of  garden  rliobarb  in  spring,  if  we  would  ob- 
tain an  adequate  idea  of  the  extent  to  which  these  acids  are 
constantly  formed  in  nature.  On  the  other  hand,  we  must 
recollect  also  that  the  greater  portion  of  the  acid  of  fruits 
disappears  as  they  ripen,  if  we  would  understand  the  true 
nature  of  the  interest  which  really  attaches  to  the  study  of 
these  substances,  of  the  changes  to  which  they  are  liable, 
and  of  the  circa  mstances  under  which  in  natare  these 
ofaanges  take  place« 

6^«  I  will  venture  here  to  draw  your  attention  for  a  mo* 
ment  to  the  nature  and  extent  of  that  remarkable  power 
oTer  matter,  which  the  chemist,  as  above  explained,  appears 
to  possess.  Such  a  consideration  will  be  of  value  not  only 
in  illustrating  how  far  we  really  can  now,  or  may  hereafter, 
eiqpect  to  be  able  to  influence  or  control  natural  opera- 
tions,* but  what  is  pr<^abty  of  more  value  still,  in  exhibit- 
ing the  true  relation  which  man  bears  to  the  other  parts  of 
creation ;  and,  therefore,  in  some  measure,  the  true  posi* 
iaoa  he  is  intended  to  occupy  among  them. 

1^,  We  have  seen  that  the  chemist  can  transform  oertaia 
substances  one  into  the  other,  in  a  known  order ;  but  that 
as  yet  he  cannot  reverse  that  order.  Thus  far  his  power 
over  matter  is  at  present  limited  ;  but  this  limit  he  may  at 
some  future  period  be  able  to  overpass,  and  we  know  not 
how  far.  The  discovery  of  a  new  agent,  or  of  a  new  mode 
of  treatment,  may  enable  him  to  accomplish  what  he  haa 
not  as  yet  the  means  or  the  skill  to  perform. 

2°,  He  has  it  in  bis  power  to  form,  actually  to  produce, 
some  of  the  organic  or  organized  substances  which  occur 
in  living  plants.     He  can  form  gum,  and  grape-sugar,  in 
any  qu  antity.     Thus  Jar  ie  ca»  imUeUe  and  take  the  place  of 
the  living  principle  itself. 

Numerous  other  cases  are  known,  in  which  he  displays  a 
similar  power.  By  the  action  of  nitric  acid  upon  starcht  or 
sugar,  he  can  form  oxalic  acid,  which,  as  has  already  been 
shown,  occurs  very  largely  In  the  vegetable  kingdom.  By 
the  action  of  heat  upon  citric  acid,  he  can  decompose  it  and 
produce  an  acid  which  is  met  with  in  the  Wol&bane  (Aeon- 

•  See  Lectoce  II.,  p.  37.  t  See  L^tore  III.,  p.  61. 
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ieam  D&pellaa),  and  hence  is  called  aeonUie  add.^  Also 
by  the  action  of  sulphuric  acid  he  can  change  salieine  and 
pklariziTte — substances  extracted  respectively  from  the  bark 
of  the  willow  and  from  that  of  the  root  of  the  apple-tree— 
into  a  resinous  matter  and  grape-sugar.  So,  of  the  com* 
pounds  which  are  found  in  the  solids  and  fluids  of  animal 
Ikodids,  there  are  some,  which  he  has  also  succeeded  in 
forming  by  the  aid  of  bis  chemical  art. 

Elated  by  such  achievements,  some  chemists  appear  wil* 
ling  to  hope  that  all  nature  is  to  be  subjected  to  their  do- 
minion, and  that  they  may  hereafter  be  able  to  rival  the  liv- 
ing principle  in  all  its  operations.  It  is  true  that  what  we 
naw  know,  and  can  accomplish,  are  but  the  beginnings  of 
what  we  may  fairly  expect  hereafter  to  efiect.  Sut  it  is  of 
consequence  to  bear  in  mind  the  true  position  in  which  we 
naw  stand,  and  the  true  direction  in  which  all  we  at  present 
know  seems  to  indicate  that  our  future  advances  in  know- 
ledffe,  and  in  control  over  "taature,  are  likely  to  proceed. 
And  this  leads  me  to  observe — 

3o.  That  our  dominion  is  at  present  limited  solely  to 
tronsforming  and  decomposing.  We  can  transform  woody 
fibre  into  gum  or  sugar — toe  cannot  form  either  gum  or  sugatr 
by  the  direct  union  of  their  dements.  We  can  resolve  sali- 
eine by  the  acid  of  sulphuric  acid  into  resin  and  grape-sugar; 
but  we  cannot  cause  the  elements  of  which  they  consist  to 
unite  together  in  our  hands,  so  as  to  form  any  one  of  the  three. 
We  cannot  even  cause  the  resin  and  the  sugfar  to  re-unite 
and  rebuild  the  salieine  from  which  they  were  derived. 

So  we  can  by  heat  drive  off  the  elements  of  water  from 

*  Thete  two  aeidt  difiinr  frooieach  other  only  by  tboelwaMitiof  an  atom 
ofwsler.    Thus 

Citric  Acid    .  .  .  »  C«  H*  0« 
AconiticAcid   .  .  >>  C«  Hi  0* 


Diflerenoe  ....•»  H^  O^  or  HO,^onoorwatar. 
It  it  Miy  to  aee,  diereforo,  how,  hy  the  evolution  of  the  elemeou  of 
en  etom  of  water,  the  one  acid  may  be  changed  into  the  other.  The 
•dentific  reader  will  excuse  me  (if  on  the  grounds  of  limpHcity  a1one> 
for  representing,  both  here  and  in  the  text,  the  citric  acid  by  C*  H' 
0«,ioeteaa  ofby  Ci>  H*  On  i-  3  HO,  which  Lieb^  and  hit  pupils 
pivier. 
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the  citric  and  came  the  aoonitie  acid  to  appear;  but  we 
oaisnoc  persuade  tbeiin willing  cooapounds,  when  thus  eepa* 
rated,  to  retm  to  their  former  cooditioii  of  citric  acid ;  ends 
if  we  could,  we  should  still  be  as  (kr  ramored  from  the  pow^ 
er  of  commaDdingor  compelUngthe  direct  uaic»i  of  carbon, 
bydrogen,  and  oxygen,  in  sucb  pn^rtions,  and  in  s«ch  a 
way,  as  to  build  up  either  of  the  two  acids  lb  question. 

Again,  we  can  actually  form  oxalic  acid  by  the  action  of 
nitric  acid  upon  starch,  or  wood,  or  sugar,  or  any  other  of  a 
great  variety  of  regetable  substances  butt  we  cannot  pre- 
pare it  by  the  direct  union  of  its  elements.  We  can  only  as 
yet  procure  it  from  substances  which  hare  already  been  or^- 
gamzed-^which  have  been  tbemaeWes  produced  by  tkm 
agency  eftheliTiog  prindpie. 

The  sane  remariu  apply  with  slight  alteration  to  those 
substances  of  animal  origin,  to  which  I  have  abore  alluded 
as  being  within  the  power  of  the  cfaemistto  produce  at  wHL 
There  is  hardly  an  exception  to  the  rule,  that  in  producing 
organic  substances,  as  they  are  called,  the  chemist  nuiat 
employ  odier  organic  substances  which  are  as  yet  beyond 
his  ait^-which,  so  far  as  we  know,  can  only  be  formed  un- 
der the  direction  of  the  living  principle.  Thus  the  sum  of 
the  chemist's  power  in  imitatmg  organic  natnne  consiats,  at 
present,  in  his  abiHty— 

1^.  To  tratufinrm  one  substance  found  only  in  the  orga- 
nic kingdom  into  some  other  substances,  prodooed  more  or 
less  amindantly  in  the  same  kingdom  of  nature.  This 
power  he  exercises  when  he  oonrerta  starch  into  sugar,  or 
fibrin  into  albumen  or  casein. 

2^.  To  resolve  a  more  complex  or  compound  substance 
into  two  or  more  which  are  less  so,  and  of  which  less  com- 
plex substances  some  may  be  known  to  occur  in  vegetable 
or  animal  bodies. 

3^.  To  decompose  organic  compounds  by  means  of  his 
chemical  agents,  and  as  the  resnlt  of  such  decompositions 
to  arrive  at  one  or  more  compounds,  such  as  are  formed 
under  the  direction  of  the  living  principle. 

J»  no  one  case  can  he  form  the  substances  of  wkich  ae»- 
maU  and  plants  chiefly  consist,  out  ^ those  on  whick  animals 
and  plants  chiefly  live. 
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But  this  is  the  commoD  and  every-day  result  of  the  agen* 
cy  of  the  living  principle.  Is  there  as  yet,  tlien,  any  hope 
that  the  chemical  laboratory  shall  supersede  the  vascular 
system  of  animals  and  plants ;  or  that  the  skill  of  the  che- 
mist who  guides  the  operations  within  it,  shall  ever  rival  that 
of  the  principle  of  life  which  presides  over  the  chemical 
changes  that  take  place  in  animal  and  vegetable  bodies  1 

The  true  place,  therefore,  of  human  skill — the  true  pros- 
pects of  chemical  8cience*-are  pointed  out  by  these  consi- 
derations. No  science  has  accumulated  so  many  and  such 
various  treasures  as  chemistry  has  done  during  the  last  20 
years — ^none  is  at  present  so  widely  extending  the  bounds  of 
our  knowledge  at  this  moment  as  the  branch  of  organic  che- 
mistry—men may  therefore  be  excused  for  entertaining 
more  sanguine  expectations  from  the  progress  of  a  favourite 
science  than  sober  reasoning  would  warrant.  Tet  it  is  of 
importance,  I  think,  and  especially  in  a  moral  point  of  view, 
that  amid  all  our  ardor,  we  should  entertain  clear  and  just 
notions  of  the  kind  and  extent  of  knowledge  to  which  we 
are  likely  to  attain,  and — as  knowledge  in  chemistry  is  real- 
ly power  over  matter-— to  what  extent  this  power  is  Hkely 
ever  to  be  carried. 

At  present,  if  we  judge  from  our  actual  knowledge,  and 
not  from  our  hopes — there  is  no  prospect  of  our  ever  being 
able  to  imitate  or  rival  living  nature  in  actually  compound- 
ing from  their  elements  her  numerous  and  varied  prodnc* 
lions.  That  we  may  clearly  understand,  and  be  able  to  ex- 
plain many  of  her  operations,  and  even  to  aid  her  in  effect^ 
ing  them,  is  no  way  inconsistent  widi  an  inc^ility  to  imitate 
her  by  the  resources  of  art.  This  will,  1  trust,  appear  more 
distinctly  in  the  sobseqaent  lecture. 


LECTURE   VII. 

Chemical  changes  by  which  the  substances  of  which  plants  chiefly  consist 
are  formed  from  those  oo  which  they  live.  Changes  during  germination — 
daring  the  growth  of  tlie  plaotr-duriog  the  ripening  of  fruit.  Autamnal 
changes. 

Having  thus  considered  the  nature  and  chemical  consti- 
tution of  those  substances  which  constitute  by  far  the  largest 
part  of  the  solids  and  fluids  of  living  vegetables,  we  are  now 
prepared  for  the  further  question — by  what  chemical  chastgu 
these  eubetancei  of  which  plants  consist,  arejbrmed  out  of  those 
on  which  they  live. 

The  growth  of  a  plant,  from  the  germination  of  the  seed 
in  spring  till  the  fall  of  the  leaf  in  autumn,  or  the  return  of 
the  succeeding  spring  time,  may  in  perennial  plants  be  di- 
vided into  four  periods— during  which  they  either  live  on 
different  food,  or  expend  their  main  strength  in  the  produc- 
tion of  different  substances.  These  periods  may  be  diatin- 
gruished  as  follows  : — 

1^.  The  period  of  germination-— from  the  sprouting  of 
the  seed  to  the  formation  of  the  perfect  leaf  and  root. 

2^.  From  the  expansion  of  the  first  true  leaves  to  the  pe- 
riod of  flowering. 

3o.  From  the  opening  of  the  flower  to  the  ripening  of  the 
firuit  and  seed* 

40.  From  the  ripening  of  the  seed  or  fruit,  till  the  iallof 
the  leaf  and  the  subsequent  return  of  spring.  On  the  ripen- 
ing of  the  fruit  the  functions  of  annual  plants  are  in  general 
discharged,  and  they  die  ;  but  perennial  plants  have  still 
important  duties  to  perform  in  order  to  prepare  them  for  the 
growth  of  the  following  spring. 

The  explanation  of  the  chemical  changes  to  which  our 
attention  is  to  be  directed  will  be  more  clear,  and  perhaps 
more  simple,  if  we  consider  them  in  relation  to  these  several 
periods  of  growth. 
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I  1.  Ckenncdlehangtifohieh  take  place  during  germinatiom' 
and  during  ihe  deoehpement  of  thejirtt  leaves  and  rooie, 

Tbe  general  nature  of  the  chemical  changes  which  take 
place  during  germination  is  simple  and  easy  to  be  compre- 
hended. 

Let  us  first  consider  shortly  the  phenomena  which  haTe 
been  observed  to  accompany  germination,  and  the  circum- 
stances which  are  most  fayourable  to  its  rapid  and  healthy 
progress. 

1^.  Before  a  seed  will  begin  to  sprout,  it  must  be  placed 
for  a  time  in  a  sufficiently  moist  situation.  We  have  al- 
ready seen  how  numerous  and  important  are  the  functions 
which  water  performs  in  referenceto  vegetable  life  (Lecture 
IL9  p.  42,)  in  every  stage  of  a  plant's  growth.  In  the  seed 
no  circulation  can  take  place — ^no  motion  among  tbe  parti- 
cles of  matter— until  water  has  been  largely  imbibed  ;  nov 
can  the  food  be  conveyed  through  the  growing  vessels,  un- 
less a  constant  supply  ]6f  fluid  be  afforded  to  the  seed  and  ite 
infant  roots. 

2^.  A  certain  degree  of  warmth — a  slight  elevation  of 
temperature — ^is  also  favourable,  and  in  most  cases  neces- 
aanr*  to  sermination. 

The  deme  of  warmth  which  is  required  in  order  that 
seeds  may  begin  to  grow,  varies  with  the  nature  of  the  seed 
itself  In  Northern  Siberia  and  other  icy  countries,  plants 
are  observed  to  spring  up  at  a  temperature  but  slightly 
raised  above  the  freezing  point  (32^  F.,)  but  it  is  familiar  to 
every  practical  agriculturist,  that  the  seeds  he  yearly  con- 
signs to  the  soil  require  to  be  protected  from  the  inclemency 
ofthe  weather,  and  sprout  most  quickly  when  they  are  sti- 
mulated by  the  warmth  of  approaching  springer  by  the  heat 
of  a  summer^s  sun. 

Tbe  same  fact  is  familiarly  shown  in  tbe  malting  of  bar- 
ley i  where  large  heaps  of  grain  are  moistened  in  a  warm  at- 
mosphere. When  germination  commences,  thegrain  heats 
spontaneously,  and  the  growth  increases  in  rapidity  as  tbe 
heap  of  com  attains  a  higher  temperature.  It  thus  appears 
that  some  portion  of  that  heat  which  the  growth  of  the  germ 
and  radicles  requires,  is  provided  by  natural  processes  in  tfao 

17 


194        BIVBOT  or  AIR  AND  LtOHT  ON  OBRllfNATIOfr. 

grain  itself;  in  some  such  way  as  in  the  bodies  of  anima1s» 
a  constant  supply  of  beat  is  kept  np  by  the  vital  processes^-* 
by  which  supply  the  cooling  effect  of  the  surrounding  air  ia 
continually  counteracted. 

We  have  seen  in  the  preceding  lecture,  that  the  transfor- 
mations of  which  starch  and  gum  are  susceptible,  take  place 
with  greater  certainty  and  rapidity  under  the  influence  of  an 
elevated  temperature.  It  will  presently  appear  that  such 
transformations  are  also  effected  during  germination  ;  there 
is  reason,  therefore,  lo  believe  that  the  external  warmtK 
which  is  required  in  order  that  germination  may  begin,  as 
well  as  the  internal  heat  naturally  developed  as  germination 
advances,  are  both  employed  in  effecting  these  tranforma- 
tions.  And,  as  the  young  sprout  shoots  more  rapidly  under 
the  influence  of  a  tropical  sun,  it  is  probable  that  those  na- 
tural agencies  in  general,  by  which  such  chemical  transfor- 
mations are  most  rapidly  promoted,  are  also  those  by  whicb 
the  progress  of  vegetation  is  in  the  greatest  degree  hastened 
and  promoted. 

3<).  It  has  been  observed  that  seeds  refuse  to  germinate 
if  they  are  entirely  excluded  from  the  air.  Hence  seeda 
which  are  buried  beneath  such  a  depth  of  soil  that  the  at*- 
mospheric  air  cannot  reach  them,  will  remain  long  un- 
ehanged,  evincing  no  signs  of  life— and  yet,  when  turned 
up  or  brought  near  the  surface,  will  speedily  begin  to  sproat. 
Thus  io  trenching  ^e  land,  or  in  digging  deep  ditches  and 
drains,  the  farmer  is  oAen  surprised  to  find  the  earth, 
thrown  up  from  a  depth  of  many  feet,  become  covered  with 
young  plants,  of  species  long  extirpated  irom  or  but  rarely 
•een  in  his  cultivated  fields. 

4^.  Yet  light  is,  generally  speaking,  prejudioa!  to  germi- 
nation. Hence  the  necessity  of  covering  the  ^ed,  when 
sown  io  our  gardens  and  corn  fields,  and  yet  Of  not  so  far 
bttrying  it  that  the  air  shall  be  excluded.  In  the  usual  me- 
thod of  sowing  broad-cast,  much  of  the  grain,  even  after 
liarrowing,  remains  uncovered ;  and  the  prejudicial  influ- 
ence of  light  in  preventing  the  healthful  germination  of 
•uchaeeds  is  no  oeubt  one  reason  why,  by  the  method  of 
dibbling,  fewer  seeds  are  observed  to  fail,  and  an  equal  re« 
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turn  of  corn  is  obtained  from  a  mach  saaaller  expenditure 
of  seed. 

The  reason  why  ligbt  is  prejudicial  to  germinatiooi  as 
well  as  wby  tbe  presence  or  atmospberic  air  is  necessarj, 
will  appear  from  tbe  following  observation  :— 

60,  When  seeds  are  made  to  germinate  in  a  limited  por- 
tion of  atmospberic  air,  tbe  bulk  of  tbe  air  underffoes  no 
material  alteration,  but  on  examination,  its  oxygen  is  found 
to  have  diminished,  and  carbonic  acid  to  have  taken  its 
place.  Therefore,  dwing  ganhinoHm^  seeds  absorb  oxygen 
gas  and  give  off" carbonic  acid. 

Hence  it  is  easy  to  understand  wby  tbe  presence  of  air  is 
necessary  to  germination,  and  wby  seeds  refuse  to  sprout 
in  hydrogen,  nitrogen,  or  carbonic  acid  gasses.  TheyeoM- 
not  sprout  unless  oxjfgen  be  mthin  their  reach. 

We  have  seen  also  in  a  previous  lecture  that  tbe  leaves 
of  plants  in  tbe  sunshine  give  off  oxygen  gas  and  abeoi^ 
carnonic  acid,— ^while  in  the  dark  tbe  reverse  takes  place. 
So  it  is  with  seeds  which  have  begun  to  germinate.  When 
exposed  to  tbe  light  they  give  off  oxygen  instead  of  carboBp 
ic  acid,  and  thus  tbe  natural  process  is  reversed.  But  it  is 
necessary  to  tbe  growth  of  the  young  germ,  that  oxygeft 
should  be  absorbed,  and  carbonic  acid  given  off — and  as  this 
can  take  place  to  the  required  extent  only  in  the  dark,  tbe 
cause  of  tbe  prejudicial  action  of  light  is  sufficiently  appa- 
rent,* as  well  as  tbe  propriety  of  covering  the  seed  with  a 
thin  layer  of  soil. 

6^.  During  germination,  vinegar  (acetic  acid)  and  diaa* 
tase  are  produced.  That  such  is  tbe  case  in  regard  to  the 
latter  substance,  has  been  proved  in  the  previous  lecture*<- 
(p.  174).  That  acetic  acid  is  formed  is  shown  by  causing 
seeds  to  germinate  in  powdered  chalk  or  carbonate  of  limOt 
when  aAer  a  time  acetate  qflime^  may  be  washed  out  from 
the  chalk  (Braconnot)  in  which  they  have  been  made  to 
grow.  Tlic  acid  contained  in  this  acetate  must  have  been 
formed  in  the  seed,  and  afterwards  excreted  or  thrown  out 
into  tbe  soil. 

*  AeeiaU  ofUme  is  a  compound  of  aoetie  acid  (Tinegar)  and  lime,  and 
may  be  prepared  by  diBsuIving  chalk  io  vinegar.  U  u  vciy  aoloUe  ift 
water. 
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70.  When  the  germ  has  shot  out  from  the  seed  and  at- 
tained to  a  sensible  length,  it  is  found  to  be  possessed  of  a 
sweet  taste.  This  taste  is  owing  to  the  presence  of  grape- 
sugar  in  the  sap  which  has  already  begun  to  circulate 
through  the  vessels. 

It  has  not  been  clearly  ascertained  whether  the  vinegar 
or  the  diastase  is  first  produced  when  germination  com- 
mences, but  there  seems  little  doubt  that  the  grape-sugar 
b  formed  subsequently  to  the  appearance  of  both. 

80.  The  young  shoot  which  rises  upwards  from  the  seed 
consists  of  a  mass  of  vessels,  which  gradually  increase  in 
length,  and  after  a  short  time  expand  into  the  first  true 
leaves.  The  vessels  of  this  first  shoot  do  not  consist  of  un- 
mixed woody  fibre.  It  is  even  said  that  no  true  toood  is 
firmed  till  tkeJirH  true  leaves  are  developed,^  The  vesseb 
of  the  young  sprout,  therefore,  and  of  the  early  radicles,  pro- 
bably consist  of  the  cellular  fibre  of  Pay  en.  They  are  un- 
questionably formed  of  a  substance  which  is  in  a  state  of 
transition  between  starch  or  sugar  and  woody  fibre,  and 
which  has  a  constitution  analogous!  to  that  of  both. 

Having  thus  glanced  at  the  phenomena  which  attend 
upon  germination,  let  us  now  consider  the  chemical  changes 
by  which  these  phenomena  are  accompanied. 

l^'.  The  seed  absorbs  oxygen  and  gives  off  carbonic  acid. 
We  have  already  seen  that  the  starch  of  the  seed  (C*  H^* 
O'  °)  may  be  represented  by  carbon  and  water, — by  12C 
+  10  HO.  Now  it  appears  that  in  contact  with  the  oxygen 
o^the  atmosphere,  a  portion  of  the  starch  is  actually  sepa- 
rated into  carbon  and  water,  the  carbon  at  the  moment  of 
separation  uniting  with  the  oxygen,  and  forming  carbonic 
aoid  (CO').  This  acid  is  given  off  into  the  soil  in  the 
fbrm  of  gas,  and  thence  partially  escapes  into  the  air ;  but 
for  what  immediate  purpose  it  is  evolved,  or  how  its  forma- 
tion is  connected  with  the  further  development  of  the  germ, 
bas  not  hitherto  been  explained. 
2o.  The  formation  or   acetic  acid  (vinegar)  frpm  the 

*  Lindley't  TKe&ry  of  HorHeuUwre. 

tBj  analogous  I  moan  which  mmj  be  repretentad    by  oarbon    and 
vater. 
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•tarcfa  of  the  grain  is  also  easy  to  comprehend.    For  as  we 
ia?e  already  seen 

Starch    .     .    .    -  C^«  W  &• 
SofVlNEOAE         .     .     -C^'  H*     0» 


DifTerence  ,  .  «■  H'  O*;  or  the  ele- 
ments of  an  atom  of  water.  Therefore,  in  this  early  stage 
of  the  growth  of  the  germ  a  portion  of  the  starch  is  deprired 
of  the  elements  of  an  atom  of  water,  and  at  the  same  time 
transformed  into  vinegar. 

Why  is  this  vinegar  forined  ?  It  is  almost  as  difficult  to 
answer  this  question  as  to  say  why  carbonic  acid  is  evolved 
from  the  seed,  though  hoth  undoubtedly  serve  wise  and 
useful  ends. 

It  has  been  explained  in  the  preceding  lecture  how  the 
action  of  dilute  acids  gradually  changes  starch  into  cane- 
sugar,  and  the  latter  into  grape-sugar.  While  it  remains 
in  the  sap  of  the  sprouting  seed,  the  vinegar  may  aid  the 
diastase  in  transforming  the  iusoluble  starch  into  soluble 
food  for  the  plant,  and  may  be  an  instrument  in  securing 
the  conversion  of  the  cane-sugar,  which  is  the  first  formed, 
into  ^ra^£-sugar, — since  cane-sugar  cannot  long  exist  in 
the  presence  of  an  acid. 

A^er  the  acetic  acid  is  rejected  by  the  plant,  it  may  act 
as  a  solvent  on  the  lime  and  other  earthy  matters  contaiqed 
in  the  soil.  Liebig  supposes  the  especial  function  of  this 
acid — the  reason  why  it  is  formed  in  the  germ  and  excreted 
into  the  soil — ^to  be,  to  dissolve  the  lime,  Sec,  which  the 
soil  contains,  and  to  return  into  the  pores  of  the  roots,  bear- 
ing in  solution  the  earthy  substances  which  the  plant  re- 
quires for  its  healthy  growth.  This  is  by  no  means  an  un- 
likely function.  It  is  only  conjectural,  however,  aud  since 
the  experiments  of  Braconnot  have  shown  that  acetate  of 
lime,  even  in  small  quantity,  may  be  injurious  to  vegetation, 
it  becomes  more  doubtful  how  far  the  formation  of  this  com« 
pound  in  the  soil,  and  the  subsequent  conveyance  of  it  into 
the  circulation  of  the  plant,  can  be  regarded  as  the  special 
purpose  for  which  acetic  acid  is  so  generally  produced  dur- 
ing  germination. 

3<>.  The  early  sap  of  the  young  shoot  is  sweel ;  it  coo- 
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tains  grape-sugar.  This  sugar  is  also  derived  from  the 
starch  of  the  seed.  Being  rendered  solahle  by  the  diastase 
formed  at  the  base  of  the  germ,  the  starch  is  gradually  con- 
verted into  grape-sugar  as  it  ascends.  The  relation  be- 
tween these  two  compounds  has  been  already  pointed  out. 

Starch     .     .     .    -C>«H'»0'* 
Grape-Sooae    .    -C>»H»»0'» 


Difference  .  »  H'  O";  or  the  ele- 
ments of  two  atoms  of  water.  The  water  which  is  imbibed 
by  the  seed  from  the  soil,  forms  an  abundant  source  from 
which  the  whole  of  the  starch,  rendered  soluble  by  the  dias- 
tase, can  be  supplied  with  the  elements  of  the  two  atoms 
of  water  which  are  necessary  to  its  subsequent  conyersion 
into  grape-sugar. 

4<>.  The  diastase  is  formed  when  the  seed  begins  to 
ilprout,  at  the  expense  of  the  gluten  or  vegetable  albumen 
of  the  seed,  but  as  its  true  constitution  is  not  yet  known, 
we  cannot  explain  the  exact  chemical  changes  by  which  its 
production  is  effected. 

50.  When  the  true  leaf  becomes  expanded,  true  wood 
first  appears  in  sensible  quantity.  By  what  action  of  the 
Bun*s  rays  upon  the  leafthe  sugar  already  in  solution  in  the 
sap  is  converted  into  woody  fibre,  we  cannot  explain.  The 
conversion  itself  is  in  appearance  simple  enough,  since 

Grape-Sugar    ,    .    -C»»H"0»»,and 
Woody  Fibre  .    .     ?=  C^ "  H«  O* 


Difference  ,  .  ^  H^  O ;  or  the  for- 
mer must  part  with  the  elements  of  four  atoms  of  water  on- 
ly, to  be  prepared  for  its  change  into  the  latten  But  the 
true  nature  of  the  molecular^  change  by  which  this  trans^ 

*  All  bodies  are  sappoiied  lo  cooiist  of  particles  or  moleeule$  of  exceeding 
nilnuteiieas.  and  all  chemical  changes  which  take  place  in  the  same  maas  ^ 
matter  are  supposed  to  be  owing  tothe  diflferent  ways  in  which  these  paiticlea 
anange  themi«(eWes.  We  may  tunn  a  remote  idea  of  the  way  in  which  <ttf> 
ferent  positions  of  the  same  particles  may  produce  different  substanoea, 
by  ooosidering  how  difierant  ngures  in  Mosaic  may  be  prodoced  by  dtf> 
lerant  arrangements  of  the  same  ntmiber  of  equml  suad  aimilar  fragmeots  of 
various  oolouia. 
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formation  i6  brought  about,  as  well  as  the  cauBos  which  lead 
to  it  and  the  immediate  instruments  by  which  it  is  efiected, 
are  all  still  mysterious. 

§  2.  Of  the  chemical  changes  which  take  placejrom  the  Jar" 
matian  of  the  true  leaf  to  the  es^pamion  of  the  fiower. 

When  the  true  leaf  is  formed  the  plant  has  entered  upon 
a  new  stage  of  its  existence.  Up  to  this  time  it  is  nour» 
ished  almost  solely  by  the  food  contained  in  the  seed, — it 
henceforth  derives  its  sustenance  from  the  air  and  from  the 
soil.  The  apparent  mode  of  growth  is  the  same,  the  stem 
shoots  upwards,  the  roots  descend,  and  they  consist  essen- 
tially of  the  same  chemical  substances,  but  they  are  no 
longer  formed  at  the  expense  of  the  starch  of  the  seed,  and 
the  chemical  changes  of  which  they  are  the  result,  arc  en* 
tirely  different. 

lo.  The  leaf  absorbs  carbonic  acid  in  the  sunshine,  and 
gives  off  oxygen  in  equal  bulk.*  It  is  in  the  light  of  the 
sun  that  plants  increase  in  size — their  growth,  therefore,  is 
intimately  connected  with  this  absorption  of  carbonic  acid. 

If  carbonic  acid  be  absorbed  by  the  leaf  and  the  whole  of 
its  oxygen  given  off  again,t  carbon  alone  is  added  to  the 
plant  by  this  function  of  the  leaf.  But  it  is  added  in  the 
presence  of  the  water  of  the  sap,  and  thus  is  enabled  by 
uniting  with  it  to  form,  as  it  may  he  directed^  or  as  may  be 
necessary,  any  one  of  these  numerous  compounds  which 
may  be  represented  by  carbon  and  water,  (p.  163,)  and  of 
which,  as  we  have  seen,  the  solid  parts  of  plants  are  chiefly 
made  up. 

There  are  two  ways  in  which  we  may  suppose  the  oxy- 
gen given  off  by  the  leaf  to  be  set  free,  and  the  starch,  su- 
gar, and  gum,  to  be  subsequently  formed. 

A.  The  action  of  light  on  the  leaf  of  the  plant  may  di- 
rectly decompose  the  carbomc  add  after  it  has  been  absorbed, 

*  Such  is  seutibly  the  result  of  experiment.  How  iar  the  cemak  ean  be 
GODtidered  aa  qoivemUy  true,  will  be  eKemioed  hereafter. 

t  it  will  be  recollected  that  carbooic  acid  contains  hs  oim  bulk  of  oxy- 
gen gas :  if,  therefore,  the  leaf  give  off  the  same  bolk  of  osygen  as  it  ab- 
sorbs of  oarbonioacid,  the  resoltoMist  be  as  staled  in  the  text. 
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and  cause  the  oxygen  to  separate  from  the  carbon,  and  es- 
.^ape  into  the  air ; — while  at  the  same  instant  the  carbon 
'.bus  set  free,  may  unite  with  the  water  of  the  sap  in  differ- 
ent proportions,  so  as  to  produce  either  sugar,  gum,  or 
litarch.  Suppose  12  atoms  of  carbonic  acid  (12  CO')' to  be 
thus  decomposed,  and  their  carbon  to  unite  with  10  of 
water  (10  HO),  we  should  have 

from  10  of  Carbonic  Acin  .  =  C^  which  united 

to       10  of  Water       .     .    .  =         H"  0'«,    would  give 

1  of  Gum  or  of  Cane  Sugar  —  C"  H'«  0'« 
while  24  of  oxygen  would  be  given  off,  the  whole  qftohick 
would  have  been  derived  from  the  carbonic  add  absorbed  by 
the  plant. 

B.  Or  the  action  of  the  sun's  rays  may  be  directed,  in 
the  leaf,  to  the  decornposition,  not  of  carbonic  add,  but  of 
the  water  of  the  sap.  The  oxygen  of  the  water  may  be 
separated  from  the  hydrogen,  while  at  the  same  instant  the 
latter  element  (hydrogen)  may  unite  with  the  carbonic  acid 
to  produce  the  sugar  or  starch.  The  result  here  is  the 
same  as  before,  but  the  mode  in  which  it  is  brought  about 
is  very  differently  represented  and  appears  much  more 
complicated.  Thus  suppose  24  of  water  (24  HO)  to  be 
decomposed,  and  to  give  off  their  oxygen  into  the  air,  24 
of  oxygen  would  be  evolved  as  in  the  former  case,  the 
whole  of  which  would  be  derivedjrom  the  decomposition  of 
water,  while  there  would  remain 

24  of  Hydrogen  .    .   »         H^  Let  this  act  on 

12  of  Carbonic  Acid  =  C^'  O^,     and  v?e  have 


as  the  result 0*«  H»*  O"  ;  or 

Starch.  &c.  Water. 

C»«  H'«  O"  +  14  HO. 
According  to  this  mode  of  representing  the  chemical 
changes,  water  is  first  decomposed  and  its  oxygen  evolved, 
then  its  hydrogen  again  combines  with  the  carbon  and  oxy- 
mn  of  the  carbonic  acid,  forming  two  products-— water  and 
sugar  or  starch.  This  view  is  not  only  more  complicated, 
but  it  supposes  the  same  action  of  light  to  be — continually, 
at  the  same  timci  and  in  the  same  circumstances'— both  de* 
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Gomposing  water  and  re-forming  it  from  its  elements. 
WhUe,  therefore,  there  can  be  no  doubt,  for  other  reasons . 
not  necessary  to  be  stated  in  this  place,  that  the  light  of 
the  sun  really  does  decompose  water  in  the  leaves  of  plants, 
and  more  in  some  than  in  others — ^yet  it  appears  probable 
that  the  oxygen  evolved  by  the  leaf  is  derived  in  a  great 
measure  from  the  carbonic  acid  which  is  absorbed ;  and 
that  the  principal  part  of  the  solid  substance  of  living  vege- 
tables, in  so  far  at  least  as  it  is  derived  from  the  air,  is  pro* 
duced  by  the  union  of  the  carbon  of  this  acid  with  the  ele* 
ments  of  the  water  in  the  sap.* 

2^.  We  have  seen  reason  to  conclude  (p.  87)  that,  while 
plants  derive  much  of  their  sustenance  from  the  air,  they 
are  also  fed  more  or  less  abundantly  by  the  soil  in  which 
they  grow.  From  this  soil  they  obtain  through  their  roots 
the  carbonic  acid  which  is  continually  given  <^  by  the  de- 

•  I  ought  not  to  past  mnoticed  the  opinion  of  Tentn  (ChemU  Mo- 
Ueulaire)t  that  the  ttarcb,  gum,  &o.,  of  planu  are  ibnned  by  the  unioB 
of  earboiUe  oxide  (CO)  with  the  necoMary  proportioos  of  oxygen  an4 
hydrogen  derived  firem  the  water  of  the  sap.  This  opinion  iropliea 
that,  in  the  leaf,  carbonic  acid  (CO* )  is  decomposed  into  carbonic  ox- 
ide and  oxygen  (CO  -f*  O),  and  that  water  likewise  is  decompose^},— 
the  oxygen  produced  by  both  decomposidons  being  given  off  either 
into  the  air  by  the  leaves,  or  into  the  soil  by  the  roots.  The  prodoc- 
tion  of  grape  sugar,  therefore,  according  to  this  hypothesis,   would    be 

thus  represented :— • 

There  are  retsiaed,        and  given  off 

From  12  of  Carbomic  Acid  «  12C0a  .  .  C»*        O"  ....  O" 

From  12  of  Water —  12H0    .  .         H"  .  .  .  .  0» 


C"  H»  0»  O"* 

grape  su|ar 

Of  the  24  of  oxygen  thus  given  off,  the  opinion  of  Persos  is,  that  only 
one-half  is  evolved  by  the  leaf,— and  the  principal  fact  on  which  his 
opinion  rests  is  that  observed  by  de^  Saussure,  that  plants  of  Vinea  mi- 
nor gave  off  by  their  leaves,  in  his  experiments,  only  two-thirds  of  the 
oxygon  contained  in  the  carbonic  acid  they  absoibed.  This  reeult  has 
led  Berzclitts  also  to  conjecture  that  the  leaves  of  plants  do  not  retain 
merely  the  carbon  of  the  carbonic  acid,  but  some  compound  of  carbon 
with  oxygen,  containing  much  less  of  this  element  than  the  carbonic 
acid  does  {Tretile  de  Chemie,  V.  p.  69).  The  principal  objection  to 
this  view,  however,  is  the  qoantity  of  oxygen  it  supposes  to  be  rejected 
by  the  root.  The  experiments  on  which  it  is  founded  require  confirmation 
and  extension. 
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caying  vegetable  matter  it  contains.  This  carbooic  acid 
will  ascend  to  the  leaf,  and  will  there  undergo  decomposi- 
tion along  with  that  which  is  absorbed  by  the  leaf  itself. 
At  least  we  know  of  no  function  of  the  root  or  stem  by 
which  the  carbonic  acid  derived  from  the  soil  can  be  de- 
composed and  deprived  of  its  oxygen  before  it  reaches  the  leaf. 

It  is  distinctly  stated,  indeed,  by  Sprengel,*  that  when 
the  roots  of  a  plant  are  in  the  presence  of  carbonic  acid,  the 
oxygen  given  off  by  the  leaf  is  greater  in  bulk  than  the  car- 
bonic acid  absorbed.  But  there  is  one  observation  in  con- 
nection with  this  point  which  it  seems  to  me  of  importance 
to  make.  The  leaves  supply  carbon  to  the  plant  only  in 
the  form  of  carbonic  acid,  and  they  give  off  a  bulk  of  oxy- 
gen gas  not  ezceedingt  that  of  the  acid  taken  in.  But  if 
the  carbon  derived  from  the  soil  be  also  absorbed  in  the 
form  of  carbonic  acid,  and  if  the  oxygen  contained  in  this 
portion  of  acid  is  also  given  off  by  the  leaf-neither  the 
quantity  drawn  from  the  soil  must  be  small,  compared  with 
that  inhaled  from  the  air,  or  the  oxygen  given  off  by  the 
leaf  must,  in  the  ordinary  course  of  vegetation,  be  sensibly 
greater  than  the  bulk  of  the  carbonic  acid  which  it  absorbs. 

^e  are  too  little  familiar  with  the  chemical  functions  of 
*the  several  parts  of  plants  to  be  able  to  pronounce  a  decided 
opinion  on  this  point ;  but  it  appears  evident  that  one  or 
other  of  the  three  following  conditions  roust  obtain  :— > 

(a).  Either  in  the  general  vegetation  of  the  globe  the 
bulk  of  the  oxygen  gas  given  off  by  the  leaf  during  the  day 
must  always  be  considerably  greater  than  that  of  the  carbo- 
nic acid  absorbed  by  it ;  or 

{b).  The  root  or  stem  must  have  the  power  of  decompos- 
ing carbonic  acid  and  of  separating  and  setting  free  its  oxy- 
gen ;  or 

(r).  The  plant  can  derive  no  considerable  portion  of  its 
carbon  from  the  soil,  in  the  form  of  carbonic  acid. 

If  the  experiments  hitherto  made  by  the  vegetable  phy- 
siologists be  considered  of  so  decisive  a  character  as  to  war- 
rant us  in  rejecting  the  two  former  conditions,  the  third 
becomes  also  untenable. 

*  See  above,  p.  133.  f  S«e  note  to  p.  201. 
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2^,  Without  dwelling  at  present  on  this  point,  the  above 
considerations  maybe  regarded  as  giving  additional  strength 
or  probability  to  the  conclusions  we  formerly  arrived  at  (p. 
87)  from  other  premises — that  the  roots,  besides  carbonic 
acid,  absorb  certain  other  soluble  organic  compounds,  which 
are  always  present  in  the  soil  in  greater  or  less  quantity, 
and  that  the  plant  appropriates  and  converts  these  into  its 
own  substance.  Some  of  these  organic  compounds  may 
readily,  and  by  apparently  simple  changes,  be  transformed 
into  the  starch  ana  woody  fibre  of  the  living  vegetable. 
The  illustration  of  this  fact  will  be  reserved  until,  in  the 
second  part  of  these  lectures,  I  come  to  treat  of  the  vege- 
table portion  of  soils,  and  of  the  chemical  nature  and  con- 
stitution of  the  organic  compounds  of  which  it  consists,  or 
to  which  it  is  capable  of  giving  rise. 

4^.  The  chemical  changes  above  explained  (a),  show 
bow  from  carbonic  acid  and  the  elements  of  water,  sub- 
stances possessed  of  the  elementary  constitution  of  sugar 
and  Rum  may,  by  the  natural  processes  of  vegetable  life, 
obtain  the  element  of  which  they  consist,  and  in  the  requi- 
site proportions.  They  throw  no  light,  however,  upon  the 
mechanism  by  which  these  elements  are  constrained,  as  it 
were,  to  assume  ^r^^  the  form  of  gum  or  sugar,  or  soluble 
starch,  and  izfterwards,  in  another  part  of  the  plant,  of  in- 
soluble starch  and  woody  fibre. 

It  is  known  that  the  sap  deposits  starch  and  woody  fibre 
in  the  stem,  only  in  its  descent  from  the  leaf, — and  it  is, 
therefore,  inferred  that  the  action  of  light  upon  the  sap, 
as  it  passes  through  the  green  parts,  is  necessary  to  dispose 
the  elements  to  airange  themselves  in  the  form  of  vascular 
fibre  or  lignin.  And  as,  by  the  agency  of  nitric  acid, 
starch  appears  to  be  convertible  into  woody  fibre  (p.  186), 
it  is  not  unlikely  that  the  soluble  substances,  containing  ni- 
trogen, which  are  present  in  the  sap  may — as  diastase  does 
upon  starch— -exercise  an  agency  in  transforming  the  solu- 
ble sugar,  gum,  &c.,  of  the  sap  into  the  insoluble  starch  and 
woody  fibre  of  the  seed  and  the  stem.  We  are  here,  how« 
ever,  upon  uncertain  groundy  and  I  refrain  from  advancing 
any  further  conjectures. 
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Two  great  steps  we  have  now  made.  We  have  seen 
how  the  germ  lives  and  grows  at  the  expense  of  the  food 
stored  up  in  the  seed — and  how,  when  it  has  obtained  roots 
and  leaves,  the  plant  is  enabled  to  extract  from  the  air  and 
from  the  soil  such  materials  as,  in  kind  and  quantity,  are 
fitted  to  build  up  its  several  parts  during  its  future  growth. 
That  considerable  obscurity  still  rests  on  the  details  of  what 
takes  place  in  the  interior  of  the  plant,  does  not  detract  from 
the  vdue  of  what  we  have  already  been  able  to  ascertain. 

§  3.  On  the  production  of  oxalic  acid  in  the  leave*  and  stems 

of  plants. 

In  the  preceding  section  we  have  studied  the  origrin  of 
those  substances  only  which  form  the  chief  bulk  of  the  pro- 
ducts of  vegetation,  and  which  are  characterized  by  a  che- 
mical constitution  of  such  a  kind  as  enables  them  to  be  re- 
presented by  carbon  and  water.  But  during  the  stage  of 
vegetable  growth  we  are  now  considering,  other  compounds 
totally  different  in  their  nature  are  also  produced,  and  in 
some  plants  in  sufficient  quantity  to  be  deserving  of  a  sepa- 
rate consideration.     Such  is  the  case  with  oxalic  acid. 

The  circumstances  under  which  this  acid  occurs  in  nature 
have  already  been  detailed.  It  is  found  in  small  quantities 
in  many  plants.  The  potash  in  forest  trees  is  supposed  to 
be  in  combination  with  oxalic  acid,  while  in  the  lichens  oasa- 
late  of  lime  serves  a  purpose  similar  to  that  performed  by  tbo 
woody  fibre  of  the  more  perfect  plant ;  it  forms  the  skeleton 
by  which  the  vegetable  structure  is  supported,  and  through 
which  its  vascular  system  is  diffused. 

The  production  of  this  acid  in  the  living  plant  is  readily 
understood  when  its  chemical  constitution  (C  O*)  is  com- 
pared with  that  of  carbonic  acid  (C  0^).    For 

2  of  Gaiuionic  Acid  >■  C  O* 
1  of  Oxalic  Acid  .—CO* 


Difference    .      •  O* 

That  is  to  say,  2  of  carbonic  acid  are  transformed  into 
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1  of  oxalic  acid  by  the  loss  of  1  equiyalent  of  oxygen — ot 
generally,  carbonic  acid  by  the  lass  of  one-fourth  rf  its  oxy* 
gen  may  be  converted  into  oosalic  acid. 

Bat  the  leaf  absorbs  carbonic  acid  and  gives  off  oxygen. 
In  the  lichens,  therefore,  which  contain  so  much  oxalic  acid, 
a  large  portion  of  the  carbonic  acid  absorbed  is,  by  the  ac- 
tion of  light,  deprived  of  only  one-fourth  of  its  oxygen,  and 
is  thus  changed  into  oxalic  acid.  The  same  is  true  to  a 
smaller  extent  of  the  sorrel  leave^  and  stems,  which  owe 
their  sourness  lo  the  presence  of  oxalic  acid— of  the  leaves 
and  stems  of  rhubarb  also — in  a  still  smaller  degree  of  the 
beech  and  other  large  trees,  in  which  much  potash,  and  pro* 
bably,  also,  of  marine  plants,  in  which  much  soda  is  found 
to  exist.  It  must  be  owing  to  the  peculiar  structure  of  the 
leaves  of  each  genus  or  natural  order  of  plants,  that  the 
same  action  of  the  same  light  decomposes  the  carbonic  acid 
in  different  degrees-devolving  in  some  a  less  proportion  of 
its  oxygen,  and  causing  in  such  plants  the  formation  of  a 
larger  quantity  of  oxalic  acid. 

The  fact  of  the  production  of  this  oxalic  acid,  to  a  very 
considerable  amount  in  many  plants,  is  a  further  proof  of 
the  uncertainty  of  those  experiments  from  which  physiolo* 
gists  have  concluded  that  the  leaves  of  plants  emit  a  bulk 
of  oxygen  sensibly  equal  to  that  of  the  carbonic  acid  ab- 
sorbed.* 

I  have  referred  the  production  of  more  or  less  oxalic  acid 

*  Were  we  permitted,  in  the  abtence  uf  decisive  experiroenti,  to  state  at 
true  what  theoretical  considerations  plainly  indicate,  we  should  say— 

1**.  That  plants  containing  much  oxalic  or  other  sinoilar  acids,  and  not 
deriving  much  carbonic  acid  from  the  soil,  most  give  off  from  their  leaves  a 
balk  of  oxygen  les$  than  that  of  the  carbonic  acid  absorbed. 

2^.  That  plants  containing  no  sensible  quantity  of  such  acids,  nor  fed  by 
carbonic  acid  from  the  soil,  may  evolve  oxygen  sensibly  equal  in  bulk  to  the 
carbonic  acid  absorbed. 

3®.  That  if  little  of  these  acids  be  present,  and  much  calbonic  acid  be  ab> 
•orbed  from  the  soil,  the  volume  of  oxygen  given  off  by  the  green  parts  of 
the  plant  must  be  sensibly  greater  than  that  of  the  carbonic  add  they  ab- 
ioib. 

4^.  That  th^  leaves  of  the  pines  and  other  trees  containing  much  tur^ 
pentine— in   which  hydrogen  is  in  excess— must  at  all  times  give  off 
oxygen  in  greater  bulk  than   the  carbonic  acid  they  absoib.      They 
most  deoompoie  water  aa  weU  as  carbonic  acid,  and  evohe  the  oatyfen  of 
both. 
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io  difiereut  plants  to  the  spedal  Btructure  of  each*  and 
must  be  true,  where,  in  the  same  circumstances,  different 
results  of  thb  kind  are  observed  to  take  place — as  where 
sorrels  and  sweet  clovers  ^ow  side  by  side.  Yet  the  in- 
fluence of  light  of  different  degrees  of  intensity  on  the  same 
plant  is  beautifully  shown  by  the  leaves  of  the  Sempervivum 
mrhareum^  of  the  Partulacaria  qfra,  and  other  plants  which 
we  samr  in  the  mornings  tasteless  in  the  middle  of  the  day^ 
and  bitter  in  the  evening,^  During  the  niffht  the  oxygen  has 
accumulated  in  these  plants  and  formed  acids  containing 
oxygen  in  excess  (p.  1S7.)    As  the  day  advances  this  ozy- 

Sen  is  given  off;  under  the  influence  of  light  the  acids  are 
ecompesed,  and  the  sourness  disappears. 
In  the  juices  of  plants  before  the  period  of  floweriogv 
other  acids  also  are  met  with  besides  the  oxalic  acid,  though 
in  much  smaller  quantity.  As  the  most  important  of  these, 
however,  occur  more  abundantly  in  fruits,  we  shall  consider 
the  theory  of  their  formation  in  the  following  section. 

§  4.  Q/*  the  chemical  changes  which  take  flace  hettteen  the 
epening  ofiheficwer  and  the  ripening  qfthejruit  or  seed. 

The  opening  of  the  flower  is  the  first  and  most  strikinff 
step  taken  by  the  plant  towards  the  production  of  the  seed 
by  which  its  species  is  to  be  perpetuated.  That  at  this  pe» 
riod  a  new  series  of  chemical  changes  commences  in  the 
plant  is  obvious  from  the  following  tacts  :— 

1^.  That  the  flower  leaves  absorb  oxygen  and  emit  car- 
bonic acid  both  by  dayf  and  by  night  (p.  137.) 

2^.  That  they  also  occasionally  emit  pure  nitrogen  ns. 

3°.  That  the  juice  of  the  maple  ceases  to  be  sweet  when 
tlie  flowers  are  matured  (Liebig,)  and  that,  in  the  sugar  cane 
and  beet  root,  the  sugar  becomes  less  abundant  when  the 
plant  has  begun  to  blossom. 

These  facts  sufficiently  indicate  the  commencement  of 
new  changes  in  the  interior  of  planu  at  this  i>eriod  of  tbeir 
growth.  That  such  changes  go  on  until  the  ripening  of  the 
seed  is  also  evident  from  these  further  observations : 

*  SpuBBgel,  Chswde,  II.,  p.  821. 

i-  By  day  tfa«abtorptioii  it  the  greater,  bat  the  Mk  of  the  osyfta 
iftie  alwayi  gratter than  tl»tof  the  cubgnie  acid  giYM  o& 
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1^.  That  the  husk  of  the  fature  seed,  as  in  the  eorn-bear- 
ing  grasses  (wheat,  oats,  Sec.,)  is  filled  at  first  with  a  imlky 
liquid,  which  becomes  gradually  sweeter  and  more  dense, 
and  finally  consolidates  into  a  mixture  of  starch  and  gluCM, 
such  as  is  presented  by  the  fiour  of  different  species  of  com. 

2^.  That  the  fruit  in  which  the  seeds  of  many  plants  is 
enTeloped  is  at  first  tasteless,  afterwards  more  or  less  sour, 
and  finally  sweet.  In  a  few  fruits  only,  as  in  the  lime,  the 
lemon,  and  the  tamarind,  does  a  suiBcient  quantity  of  acid 
remain  to  be  sensible  to  the  taste,  when  the  seed  has  be- 
cooDe  perfectly  ripe.  The  acid  and  cellular  fibre  both  di- 
minish while  the  sugar  increases. 

3^.  That  fruits,  while  green,  act  upon  the  air  like  the 
green  leaves  and  twigs— but  that,  as  they  approach  matu* 
rity,  they  also  absorb  or  retain  oxygen  gas  (De  Saussure.) 
The  same  absorption  of  oxygen  takes  place  when  unripe 
fruits  are  plucked  and  left  to  rtpen  in  the  air  (Berard.)  Af» 
ler  a  time  the  Ifttter  abo  emit  carbonic  acid. 

I.— FORMATION  OF   THE   SBBD. 
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In  the  case  of  wheat,  barley,  or  other  plants,  which  yield 
farinaceous  seeds,  we  have  seen  that  preyious  to  flowering 
the  chief  energy  of  the  living  plant  is  expended  in  the  pro* 
duction  of  the  woody  fibre  of  which  its  stem  and  growing 
branches  mainly  consist ;  and  we  have  also  been  able  to  un» 
derstaod,  in  some  degree,  how  this  woody  fibre  is  produced 
from  the  ordinary  fo(^  of  the  plant.  When  the  flower  ex- 
pands, however,  the  plant  has  in  general,  and  especially  if 
an  annual  plant,  reached  nearly  to  maturity,  and  woody  fibre 
is  little  required.  The  most  important  of  its  remaining 
functions  is  the  production  of  the  starch  and  gluten  of  the 
seed,  and  of  the  substances  which  form  the  husk  by  which 
the  seed  is  enveloped. 

In  the  first  stages  of  the  plant's  growth,  the  starch  of  the 
seed  is  transformed  into  gum  and  sugar,  and  subsequently, 
when  the  leaves  are  expanded,  into  woody  fibre.  In  the  last 
stages  of  its  existence,  when  it  is  producing  the  seed,  the 
BUgar  of  the  sweet  and  milky  sap  is  gradually  transformed 
into  starch—that  is  to  say,  a  process  exactly  the  coovene 
of  the  former  takes  place. 
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We  are  able,  in  some  measure,  to  explain  the  mode  and 
agency  by  which  the  former  transformation  is  effected — ^the 
latter,  however,  is  still  inexplicable.  We  can  ourselves,  by 
the  agency  of  diastase,  transform  starch  into  sugar ;  and 
therefore,  can  readily  believe  such  transformations  to  be  ef- 
fected in  the  young  plant ; — but  we  as  yet  know  no  method 
of  r^-converting  sugar  into  starch  ;  and,  therefore,  we  can 
only  hazard  conjectures  as  to  the  way  in  which  this  change 
is  brought  about  in  the  interior  of  the  plant  during  the  for-r 
nation  of  the  seed. 

It  is  said  that  nitrogen  is  given  off  by  the  flower  leaf. 

We  know  that  this  element  is  present  in  the  colouring  mat^ 

ter  of  the  petal,  and  that  is  a  necessary  constituent  of  the 

albuqien  and  gluten,  which  are  always  associated  with  the 

starch  of  the  seed.     It  is  plain,  then,  that  the  nitrogeneous* 

substances  contained  in  the  sap  at  all  periods  of  the  plant's 

/i^rowth  are  carried  up  in  great  quantity  to  the  flower  and 

seed  vessel.   These  substances  are  supposed  to  be  concerned 

as  immediate  agents  in  effecting  the  transformations  which 

there  take  place.     More  than  this,  however,  we  catinot  aa 

yet  venture  even  to  conjectur^^ 

/ 

IE. — RIPENING   OF  THB   FRUIT. 

In  those  plants  again,  which  invest  their  seed  with  a 
pulpy  fruit — in  the  grape,  the  lemon,  the  apple,  the  plum, 
&c.^-other  changes  take  place,  at  this  period,  of  a  more  in^ 
telligible  kind,  and  other  substances  are  formed,  on  the  pro<^ 
duction  of  which  less  obscurity  rests.  At  one  stage  of  Uieir 
growth  these  fruits,  as  has  been  already,  stated,  are  taste- 
less— in  the  next,  they  are  sour — in  the  third,  they  are 
more  or  less  entirely  sweet. 

V^,  In  the  tasteless  state  they  consist  of  little  more  than 
the  substance  of  the  leaf— of  vascular,  or  woody  fibre,  filled 
with  a  tasteless  sap,  and  tinged  with  the  colouring  matter  of 
the  green  parts  of  the  plant  For  a  time,  this  young  fruit 
appears  to  perform  in  reference  to  the  atmosphere  the  usual 
functions  of  the  leaf — it  absorbs  carbonic  acid  and  gives  off 

*  Substances  containinf  nitrogen. 
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oxygeOy  and  thas  extracts  from  the  airaportioti  of  the  fbod 
by  which  its  growth  is  promoted,  and  its  size  gpradually 
increased. 

IIo.  But  after  a  time  this  fruit  becomes  sour  to  the  taste, 
and  its  acidity  gradually  increases — while  at  the  same  time 
it  is  observed  to  give  off  a  less  comparative  bulk  of  oxygen 
than  before.  Let  us  consider  shortly  the  theory  of  the  pro- 
duction of  the  more  abundant  vegetable  acids  contained  in 
limits. 

1^.  The  tartaric  acid  which  occurs  in  the  grape  is  repr^ 
sented  byC*  H*  O*  (p.  182). 

There  are  two  ways  in  which  we  may  suppose  this  acid 
to  be  formed  in  the  fruit — either  directly  from  the  elements 
of  carbonic  acid  and  water  with  yheevolution  of  oxygen  gas— > 
or  firom  the  gum  and  sugar  already  present  in  the  sap  aided 
by  the  absorption  of  oxygen  from  the  atmosphere.  Thus 

A.  4  of  GARBomo  Acid  s  C^       O^ 

2ofWATKR       .     .     «       TPO^ 

Taiturio  aeid. 

Sum      .    .    -C^H«0»«orC*H«(y  +  50 

That  is,  one  equivalent  of  tartaric  acid  may  be  formed  from 
4  of  carbonic  acid  absorbed  by  the  leaf  or  fruit,  and  2  of 
the  water  of  the  sap,  while  5  of  oxygen  are  at  the  same 
time  given  off  by  the  leaf.    Or, 

B.  If  Grape-Sugar  be  C"  H»  0» 

i  of  Grapr  Sugar   —  G^  IP  O^ 

3    of  OZYGRN      .      .     «  O* 


Sum    .    .    =  G*  H»  0» 

Tartaric  Acid.     Water. 

orC*IP(y  +  HO, 

That  is,  by  the  absorption  from  the  air  of  a  quantity  of  OZJ 
gen  equal  to  that  which  it  already  contains,  grape-sugar 
may  be  converted  into  tartaric  acid  and  water. 

In  the  sorrels  and  other  sour  leaved  plants,  which  contain 
tartaric  acid  in  their  general  sap,  the  acid  may  be  formed 
by  either  of  the  processes  above  explained.  In  the  sun* 
shine  their  green  parts  absorb  carbonic  acid  and  evolve 
oxygen.    If  any  ot  these  green  parts  give  off  only  *  of  the 

18» 


210  FORMATION  OF  MAUC   AND  CimtC   AOI0«. 

oxygen  contained  in  the  e&rbonic  acid  they  drink  in,  tarta- 
ric acid  may  be  produced  (A.)  In  the  dark  they  absorb 
oxygen  and  give  oflT  carbonic  acid.  If  the  bulk  of  this  lat- 
ter gas  which  escapes  be  less  than  that  of  the  oxygen  which 
enters,  a  portion  of  the  sugar  or  gum  of  the  sap  may,  as 
above  explained  (B.),  be  converted  into  tartaric  acid. 

We  have  as  yet  no  experiments  which  enable  us  to  say 
by  which  of  these  modes  the  tartaric  acid  is  really  produced 
in  such  plants— or  whether  it  may  not  occasionally  be  com- 
pounded by  both  methods. 

In  green  fruits  also,  in  the  sour  grape  for  example,  it  way, 
in  like  manner,  be  produced  by  either  method.  The  only 
experiments  we  yet  possess,  those  of  De  baussure,  though 
not  sufficient  to  decide  the  point,  are  in  favour  of  the  former 
explanation  (A.)  In  the  estimation  of  this  philosopher,  the 
proportion  of  the  oxygen  of  the  carbonic  acid  which  is  re- 
gained by  the  fruit,  is  sufficient  to  account  for  the  acidity 
it  gradually  acquires. 

2^,  Malic  a$td  diric  acids.  These  acids  are  represented 
(p.  187)  by  the  common  formulae  C^  H'  O*.  They  may  be 
be  produced  from  water  and  carbonic  acid,  if  three-fourths 
only  of  the  oxygen  of  the  latter  be  given  off.     Thus 

4  of  Carbonic  Acid  =  C*        O" 
2  of  Water  ...   —       H»  0» 

"'  Malio  Acid. 

Sum    .     .  «.C*  H»0»«-C*H*0*  +  60 

That  such  a  retention  of  one-fourth  of  the  oxygen  of  the  car- 
bonic acid  occasionally  takes  place  in  the  green  fruit,  is 
consistent  with  the  observations  of  De  3&ussure.  The  limo 
and  the  l^mon  are  fruits  on  which  the  most  satisfactory  ex- 
periments might  be  made  with  the  view  of  finally  deter- 
mining this  point. 

111°.  This  formation  of  acids  proceeds  for  a  certain  time, 
the  fruit  becoming  sourer  and  sourer ;  the  acidity  then  be- 
gins to  diminish,  sugar  is  formed,  and  the  fruit  ripens.  The 
acid  rarely  disappears  entirely,  even  from  the  sweetest  fruits, 
until  they  begin  to  decay ;  a  considerable  portion  of  it,  how- 
everi  must  be  convened  into  grape-sugar,  as  the  fruit  ap-. 
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proaches  to  maturity*     This  conversion  may  take  place  in 
either  of  two  ways, 
lo.  By  the  direct  evolution  of  the  excess  of  oxygen.  Thus 

3  of  Tartaric  Acid  =  C*  H*  O'* 
GofWATBR     .  .  •     _  WO* 


Grape  ragar. 


Sum.,.    =  C'*ff«(y»  =C*^H»*0*«+90 


^  ■■  II  ^^1*      * 


Or  grape-sugar  may  he  formed  from  3  of  tartaric  acid  and 
6  of  the  water  of  the  sap,  hy  the  evolution,  at  the  same 
time,  of  9  of  oxygen.  Citric  and  malic  acids,  in  the  same 
proportion,  would  form  grape-sug^r  hy  the  evolution  of  6  of 
oxygen  only. 

bo  fruits,  wheq  they  have  reached  their  sourest  state,  he* 
gin  thus  to  give  off  an  excess  of  oxygen  t  I  know  of  bo 
experiments  which  as  yet  decide  the  point. 

2<*,  By  the  absorption  of  oxygen  and  the  evolution  of  cai> 
bonic  acid.     Thus,  in  the  case  of  tartaric  acid, 

1  of  Tartaric  Acip  =  C^  H"  O* 

1  of  O^^TGEf^  .    ,    .   .      :^  0* 

■  l-Sib  of  Grape       Carbonic 

Sugar.  Aci<i. 

Sum.  •  •    =  C*  mo*  =  C^  H'^  0»  +  2  CQ» 

Where  one  of  oxygen  is  absorbed  and  2  of  carbonic  acid 
given  off.     Or  in  the  case  of  the  malic  and  citric  acids, 

1  of  Malic  Acid  =  C*  BP  O* 

2  0f0xTGBN   .    .     =  O* 

— — —  |-6th  of  Grape      •    Caibonie 

Sngar.  Acid. 

Sum  ;.     =C*H*0»«C«IPO»  +  2  C0« 

Where  2  of  oxygen  are  absorbed  and  2  of  carbonic  acid 
given  off. 

We  know  from  the  experiments  of  Berard  that,  when  un« 
ripe  fruits  are  plucked,  they  do  not  ripen  if  excluded  froip 
the  access  of  oxygen  gas — but  that  in  the  air  they  ripen, 
absorbing  oxygen  at  the  same  time,  and  giving  off  carbonic 
acid.  This  second  method  (2^)  therefore  exhibits  the  more 
probable  theory  of  the  ripeninff  of  iruiXB  after  they  are pltick* 
4d  ;  and  if— <i«  they  became  evfonrexl— fruits  imitate  the  pe*- 
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tala  of  the  flower  in  absorbing  oxygen  from  the  air  and  gtr- 
ing  off  carbonic  acid,  it  will  also  represent  the  changes 
which  take  place  when  they  are  permitted  to  ripen  on  the 
tree. 

Durinff  the  ripening  of  the  fruit,  it  has  been  stated  that 
the  woody  or  cellular  fibre  it  contains  crradually  diminishes^ 
and  is  converted  into  sugar.  This  is  familiarly  noticed  in 
some  species  of  hard  or  winter  pears.  In  sour  fruit,  the 
cellular  fibre  seldom  exceeds  2-^  per  cent,  of  their  whole 
weight ; — in  ripe  fruits,  however,  it  b  still  less,  and  as  the 
constitution  of  this  substance  is  so  analogous  to  that  of 
grape-sugar,  there  is  no  difficulty  in  understanding  that  it 
may  be  readily  converted  into  the  latter,  through  the  imme- 
diate agency  by  which  the  transformation  is  effected  is  as 
yet  unknown  to  us. 

(6.     Of  the  chemical  changee   iohich  take  place  after  the 

ripemmg  qftheJruU  and  teed. 

When  the  seed  is  fully  ripe,  the  functions  of  annual 
plants  are  discharged.  They  no  longer  require  to  absorb 
and  decompose  carbonic  acid,  for  their  growth  is  at  an  end. 
Their  leaves  begin,  therefore,  to  take  in  oxygen  only,  be- 
come yellow,  and  prepare  along  with  the  entire  plant,  for 
being  finally  resolved  again  into  those  more  elementary 
substances  from  which  they  were   originally  compounded. 

On  trees  and  perennial  plants  however,  a  further  labour 
is  imposed.  In  the  ripened  seed  they  have  deposited  a 
supply  of  food  sufficient  to  sustain  the  germ  that  may 
spring  from  it,  until  it  is  able  to  seek  food  for  itself;  but 
the  young  buds  already  formed,— and  which  are  to  shoot 
out  from  the  stem  and  branches  in  the  ensuing  spring,  —are 
in  reality  so  many  young  plants  for  which  a  store  of  food 
has  yet  to  be  laid  up  in  the  inner  bark,  and  in  the  wood  of 
the  tree  or  shrub  itself. 

In  the  autumn,  the  sap  of  trees  and  permanent  shrnbs 
continues  to  flow  rapidly  till  the  leaf  withers  and  falls,  and 
the  food  of  the  plant  is  converted  partly  into  woody  fibre» 
as  was  the  case  during  the  earlier  period  of  the  year,  and 
partly  into  starch.    The  former  is  deposited  beneath  the 
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inner  bark  to  form  the  new  layer  of  wood  by  which  the 
tree  is  annually  enlarged ;  the  latter — partly  in  the  same 
locality  as  in  the  birch  and  pine — partly  throughout  the 
substance  of  the  wood  itself,  as  in  the  willow — while  in  the 
palm  trees  and  cy cades,  it  is  intermingled  with  the  central 
pith.  The  chemical  changes  by  which  the  food  is  capable 
of  being  converted  into  these  substances  have  already  been 
considered.  They  proceed  during  the  entire  autumn,  do 
not  cease  so  long  as  the  sap  continues  to  move,  and  even 
in  the  depth  of  winter  slowly  and  silently  operate  in  storing 
up  farinaceous  matter — in  readiness,  like  the  starch  in  the 
seed,  to  minister  to  the  nourishment  of  the  young  bud, 
when  the  warmth  of  the  coming  spring  shall  awaken  it 
from  its  long  sleep. 

§  6.  Of  the  rapidity  with  tohich  these  changes  take  places 
and  the  circwmtances  hy  which  they  are  promoted. 

But  remarkable  as  those  chemical  changes  are,  the 
rapidity  with  which  they  sometimes  take  place  is  no  less 
surprising. 

From  carbonic  acid  and  water  we  have  seen  that  the 
plant  by  very  intelligible  processes,  can  extract  the  ele- 
ments of  which  its  most  bulky  parts  consist-^and  can  build 
them  up  in  many  varied  ways,  most  of  which  are  probably 
beyond  the  reach  of  imitation.  But  who  can  understand 
or  explain  the  extraordinary  activity  which  pervades  the 
entire  vascular  system  of  the  plant,  when  circumstances  are 
favourable  to  its  growth  1  * 

A  stalk  of  wheat  has  been  observed  to  shoot  up  three 
inches  in  as  many  da^s,  of  barley  six  inches  in  the  same 
time,  and  a  vine  twig  almost  two  feet,  or  eight  inches  a 
day  (Du  Hamel).  Cucumbers  have  been  known  to  ac- 
quire a  length  of  twenty-four  inches  in  six  days,  and  in  the 
IBotanic  Garden  at  Brussels  I  was  shown  a  bamboo  five 
inches  in  diameter,  which  had  increased  in  height  nine  feet 
in  twenty-seven  days,  sometimes  making  a  progress  of  six 
to  eight  inches  in  a  day.  In  our  climate  we  meet  with  few 
illustrations  of  the  rapidity  with  which  plants  are  capable 
of  springing  up  in  the  most  favourable  circumstancesi  and 
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dM  above  examples  probably  gire  us  only  an  imperfect  idea 
of  die  Telocity  with  whlcii  the  bamboo,  the  palm,  tbe  tree 
fern,  and  other  vascolar  plants,  may  gxx>w  in  their  native 
soil  and  climate.  And  with  what  numerous  and  complica- 
ted chemical  changes  is  the  production  of  every  grain  of 
the  substaiioe  of  these  plants  attended'— how  rapidly  must 
the  food  be  selected  and  absorbed  firom  the  air  and  from  the 
soil— how  quickly  tranBfi>rmed  and  assimilated  I 

The  long  period  of  tune  during  which,  year  after  year, 
these  changes  may  proceed  in  the  same  living  vessels,  or  in 
the  same  tree,  is  no  less  woodexful.  Oaks  have  lived  to  an 
age  of  1600  or  2000  years-^Yew  trees  to  3000  yean — and 
other  species  are  mentioned  as  having  flourished  from  4500 
to  6000  years ;  while  even  a  living  rose  tree  {rosa  camna) 
is  quoted  by  Spreogel  as  being  already  upwards  of  1000 
years  old.* 

The  rapidity  of  the  growth  of  a  plant,  and  the  length  of 
its  life,  are  equally  affected  by  circumstances.  On  a  know- 
ledge of  these  circumstances,  and  of  the  means  of  control- 
ling or  of  productng  them,  the  enlightened  practice  of  agri- 
culture is  almost  entirely  dependent. 

Over  the  fUUtsreU  conditions  on  which  vegetation  in  gene* 
ral  depends,,  we  can  exercise  little  control.  B v  hedge«rows 
and  plantations  we  can  shelter  exposed  lands,  but,  except  in 
our  conservatories  and  hot-houses,  the  plants  we  can  expect 
to  cultivate  with  profit  will  always  be  determined  by  the 
general  climate  in  which  we  live.  So  the  distribution  of 
rain  and  sunshine  are  beyond  our  control,  and  though  it  is 
ascertained  that  a  thundery  condition  of  the  atmosphere  is 
remarkably  favourable  to  vegetable  growth,t  we  cannot 
hope  that  such  a  state  of  the  air  will  ever  be  induced,  at  the 
pleasure  or  by  the  agency  of  man.  But  under  the  same 
natural  conditions  of  climate,  there  are  many  artificial  me- 
thods by  the  use  of  which  it  is  within  our  power  to  accele- 
rate tbe  growth,  and  to  increase  the  produce  of  the  most 
valuable  objects  of  ordinary  culture. 

Thus  the  germination  of  seeds  in  general  is  hastened  by 

*  Sprenfel,  l^ehrg  90m  D%mger^  p.  76.  t  IHd,  p.  TS. 
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watering  with  a  solution  of  chlorine  (Davy),  or  of  iodine  or 
bromine  (Blengini),  and  Davy  found  that  radish  seed  which 
germinated  in  two  days  when  watered  with  solutions  of 
chlorine  or  sulphate  of  iron,  required  three  when  watered 
with  very  dilute  nitric  acid,  and  five  with  a  weak  solution 
of  sulphuric  acid. 

It  is  familiarly  known  also  in  ordinary  husbandry,  that 
the  application  of  manures  hastens  in  a  similar  degree  the 
development  of  all  the  parts  of  plants  during  every  period 
of  their  growth-^and  largely  increases  the  return  of  seed 
obtained  from  the  cultivated  grains.  Ammonia  and  its 
compounds  likewise,  and  nitric  acid  and  its  componnds, 
with  many  other  saline  substances  existing  in  the  mineral 
kingdom  and  occurring  in  soils,  or  which  are  produced 
largely  in  our  manufactories,  have  been  found  to  produce 
similar  effects. 

It  would  be  out  of  place  here  to  enter  upon  the  important 
and  interesting  field  opened  up  to  us  by  a  consideration  of 
the  influence  exercised  by  these  and  other  substances,  in 
modifying  both  in  kind  and  in  degree  the  chemical  changes 
which  take  place  in  living  vegetables.  The  true  mode  of 
action  of  such  substances— -their  precise  effects^— the  cir^ 
cumstances  under  which  these  effects  are  most  cAainly 
produced — and  the  theoretical  views  on  which  they  can  be 
best  accounted  for — will  form  a  subject  of  special  and  de- 
tailed examination  in  the  third  part  of  the  present  lectures. 


LECTURE  VIII. 

How  the  supply  of  food  for  plaott  if  kept  up  in  the  general  vegetation  «f 
the  globe.  Froportioa  of  their  food  drawn  by  plants  from  the  air.  Sup- 
ply of  carbonic  acid.  Supply  of  ammonia  um  nitric  acid.  Prodnction 
of  both  in  nature.  Theory  of  their  action  on  living  vegetables.  Con* 
eluding  observations. 

Having  sbown  in  the  preceding  Lecture  in  what  way,  and 
by  what  chemical  changes,  the  substances  of  which  plants 
chiefly  consist  may  be  produced  from  those  on  which  tbey 
live, — there  remains  only  one  further  subject  of  inquiry  in 
connection  with  the  organic  constituents  of  plants. 

Plants,  as  we  have  already  seen,  derive  much  of  their 
sustenance  from  the  carbonic  acid  of  the  atmosphere ;  yet 
of  this  gas  the  air  contains  only  a  very  small  fraction,  and 
in  so  far  as  experiments  have  yet  gone,  this  fractional 
quantity  does  not  appear  to  diminish — ^how,  then,  is  the 
Buppl]^f  carbonic  acid  kept  up  1 

Again,  plants  most  probably  obtain  much  of  their  nitrogen 
either  from  ammonia  or  from  nitric  acid ;  and  yet,  neither 
in  the  soil  nor  in  the  air  do  these  compounds  permanently 
exist  in  any  notable  quantity, — whence  then  is  the  supply 
of  these  substances  brought  within  the  reach  of  plants  i 

The  importance  of  these  two  questions  will  appear  more 
distinctly,  if  we  endeavour  to  estimate  how  much  of  their 
carbon  plants  really  draw  from  the  atmosphere — and  how 
much  of  the  nitrogen  they  contain  must  be  derived  from 
sources  not  hitherto  pointed  out. 

i  I.  Of  the  proportion  of  their  carbon  tahieh  plants  derive 

from  the  atmosphere. 

On  this  subject  it  is  perhaps  impossible  to  obtain  perfect- 
ly accurate  results.  Several  series  of  experiments,  however, 
have  been  published,  which  enable  us  to  arrive  at  very  use- 
fill  approximations  in  regard  to  the  proportion  of  their  car- 
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bon  wbich  plants,  growing  in  a  soil  of  ordinary  fertitit j, 
and  in  such  a  cliraate  as  that  of  Great  Britain,  actually  ex- 
tract from  the  air  by  which  they  are  surrounded. 

I<>.  In  an  experiment  made  in  1824,  upon  common  bor- 
age (Borago  officinalis),  Lampadius  found  that  after  a 
growth  of  five  months  (from  the  3rd  of  April  to  the  6th  of 
/September)  this  plant  produced  ten  times  as  much  vegeta- 
ble matter  as  the  soil  in  which  it  grew  had  lost  during  the 
same  period.*  In  other  words,  it  had  drawn  nine-tenthM  of 
iU  carbon  from  the  air. 

2^.  The  experiments  of  Boussingault  were  made  if  not 
with  more  care,  at  least  upon  a  greater  number  of  plants, 
and  were  protracted  through  a  much  longer  period.  It  is 
necessary  that  we  should  understand  the  principle  on^hlcb 
they  were  conducted,  in  order  that  we  may  be  |H«pared  to 
place  confidence  in  the  determinations  at  which  he  arriTed. 

If  we  were  to  examine  the  soil  of  a  field  on  which  we 
are  about  to  raise  a  crop  of  corn — and  should  find  it  to  con- 
tain a  certain  per  centage,  say  10  per  cent,  of  vegetable 
matter  (or  5  per  cent,  of  carbon) ; — and  after  the  crop  is 
raised  and  reaped  should,  on  a  second  examinationr  find  it 
to  contain  exactly  the  same  quantity  of  carbon  as  before, 
we  could  not  resist  the  conviction,  that,  with  the  exception 
of  what  was  originally  in  the  seed,  the  plant  during  its 
growth  had  drawn  from  the  air  all  the  carbon  it  contained. 
The  soil  having  lost  none,  the  air  mu9t  hate  yielded  the  tchole 
mpply. 

Or  if  after  examining  the  soil  of  our  field  we  mix  with  it 
a  supply  of  farm-yard  manure,  containing  a  known  weight, 
say  one  ton  of  catbon,  and  when  the  crop  is  reaped  find  as 
before  that  the  per-centage  of  vegetable  matter  m  the  soil 
has  suffered  no  diminution,!  we  are  iustified  in  concluding 
that  the  crop  cannot,  at  the  utmost,  have  derived  from  the 
soil  any  greater  weight  of  its  carbon  than  the  ton  contained 
in  the  manure  which  had  been  added  to  it. 

*  The  above  experiment  may  have  been  correctly  made,  but  the  re«u(| 
appears  at  first  ftight  too  startling  to  be  readily  received  aa  indicative  6| 
the  proportion  of  their  su^tpnance  drawn  by  plant*  from  the  air  in  ikf 
general  vegelaiion  of  the  globe, 

\  I  need  scanely  rcmack  that,  in  the  liMida  «(  a  faed  fimner,  wtio 
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Suek  waft  tbe  principle  on  which  Boussingault's  experi* 
ifients  were  conducted.  He  determined  tbe  per-centage  of 
carbon  in  the  soil  before  tbe  experiment  was  begun — ^the 
weight  added  in  the  form  of  manure — ^tbe  quantity  contained 
4n  the  series  of  crops  raised  during  an  entire  rotation  or 
eourse  of  cropping,  until  in  tbe  mode  of  colture  adopted  it 
was  usual  to  add  manure  again — and  lastly,  tbe  proportion 
of  carbon  remaining  in  tbe  soil.  By  this  method  he  ob- 
tained the  following  results  in  pounds  per  English  acre, 
in  three  different  courses  of  cropping,  and  on  the  same 
land:— 


# 

Carbon 

in  the 

Manure. 

Carbon 

in 

the  Crops. 

Difference,  or 

Carbon  derived 

from  the  air. 

Rkmarxs. 

Tbe  first  was  a  5 
3  ears'    course — of 
potatoes    or     red 
beet     with     ma- 
nnre,    wheat,  clo- 
ver,   wheat,  oau; 
tbe     second     and 
most      prodoctire 
rotation     was     »• 
Iteadoned    on    ac> 
count  of    the  cli- 
mate ;    the     third 
was     a    3    years 
course. 

First  Course 
Second  do. 
Third    do. 

2513 

7544 

5031 
6839 
3921 

The  result  of  the  first  course  indicates  that — the  land  re- 
toaining  in  equal  condition  at  the  end  of  the  four  years  as 
it  was  at  the  beginning — the  crops  collected  dunng  these 
years  contained  three  times  the  quantity  of  carbon  present 
m  the  manure,  and  therrfore  the  plants^  during  their  groutk^ 
must  on  the  ufhole  have  derived  tu!0-thirds  of  their  carbon 
from  the  air. 

It  will  be  shown  in  a  subsequent  section  that  even  when 
the  soil  is  lyin^  naked  the  animal  and  vegetable  matter  it 
contains  is  contmually  undergoing  diminution,  owing  to  de- 
composition and  the  escape  of  volatile  substances  into  the 

keeps  his  land  in  good  &eaW— the  quantify  of  orgnntc  mntter  in  tbe  soil  at 
tba  e«d  of  fak  eourse  of  crapping  should  be  as  great,  at  least,  as  It  was  at 
tbe  beginniDg  of  his  roution,  bciure  the  addition  of  the  manure. 
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air.  It  is  fair,  therefore,  to  assume  that  a  considerable  por- 
tion of  the  carbon  of  the  manure  and  of  the  soil  would 
naturally  disappear  during  the  four  years'  cropping  above- 
mentioned,  and  that,  therefore,  the  proportion  ot  carbon  de* 
rived  from  the  air  in  Boussingault's  experiments,  must  have 
been  really  considerably  greater  than  is  indicated  by  the 
numerical  results. 

Let  two-thirds  of  the  entire  quantity  of  carbon  contained 
in  a  series  of  crops  be  taken  as  the  average*  proportios 
which,  on  cultivated  land  in  our  climate,  must  be  derived 
from  the  air  in  the  form  of  carbonic  acid — and  let  the  ave» 
rage  weight  of  the  dry  crop  reaped  be  estimated  at  a  ton  and 
a  half  per  acre.  Then,  if  the  crop  contain  half  its  weight 
of  carbon,t  the  plants  grown  on  each  acre  must  annually 
extract  from  the  air  10  ewt.  or  1120  lbs.  of  carbon  in  the 
form  of  corbonic  acid. 

§  2.  Of  the  relation  which  the  quantity  of  carbon  extracted 
by  planttfrom  the  air^  bears  to  the  whole  quantity  contain^ 
ed  in  the  atmosphere. 

But  the  question  will  here  at  once  suggest  itself  to  you— • 
does  not  the  quantity  thus  extracted  from  the  air  really  form 
a  very  large  proportion  of  the  whole  weight  of  carbon  which 
is  contained  in  the  atmosphere  1  A  simple  calculation  will 
give  us  clear  ideas  in  regard  to  this  interesting  point. 

We  have  already  seen  that  by  the  results  of  De  Saussure, 
the  average  quantity  of  carbonic  acid  in  the  atmosphere  of 
our  globe  may  be  estimated  at  -^-^^j^  part  of  its  entire  bulk. 
This  is  equal  very  nearly  to  -^^^  of  its  weight  |     Or  taking 

*  Lecture  II.,  p.  35. 

t  BoujMngauIt  states,  that  of  all  the  plants  usaally  cultivated  for  food— so 
far  as  his  experiments  havo  gone — the  Jerusalem  artichoke  draws  the  largest 
portion  of  its  sustenance  from  the  air— or  yields  the  greatetivHght  of  food 
from  the  svuUlest  weight  of  manure  It  is  true  generally  indeed  that  all 
those  plantSt  which,  like  the  Jerusalem  artichoke  and  the  white  carrot,  grow 
freely  on  sandy  soils  containing  little  vegetable  matter  and  with  the  addition 
of  little  manure,  extract  the  greatest  proportion  of  their  sustenance  from  the 
air.  Such  plants,  therefore,  are  likely  to  prove  the  most  profitable  articles 
of  culture  where  such  soils  and  a  scarcity  of  manure  simultaneously  pr^ 

^•^''  _^_ 

t  The  mean  of  325  expertmenti  made  by  De  SauMure  between  UII97 
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tfae  whole  weight  of  the  atmosphere  at  15  lbs.  on  the  square 
inch — that  the  carbonic  acid  will  be  0.CO9  lbs.,  or  63  grs. 
per  square  inch.  Bat  as  carbonic  acid  contains  only  27-§> 
per  cent,  of  its  weight  of  carbon,  the  weight  of  this  element 
which  presses  on  each  square  inch  of  the  earth*s  surface  is 
only.l7|  (17-39)  grs.  upon  an  acre  this  amounts  to  7 
tons.* 

But  if  the  crop  on  each  acre  of  cultivated  land  annually 
extracts  from  the  air  half  a  ton  of  carbon,  the  whole  of  the 
carbonic  acid  in  the  atmosphere  would  sustain  such  a  vege- 
tation over  the  entire  globe  for  14  years  only.  And  if  we 
even  suppose  such  a  vegetation  to  extend  over  one  hun- 
dredth part  of  the  earth's  surface  only,  it  still  appears  suffi- 
cient to  exhaust  the  carbonic  acid  of  the  air  in  1400  years. 

A  very  short  period,  compared  even  with  the  limits  of 
authentic  history,  has  yet  elapsed  since  experiments  began 
to  be  made  on  the  true  constitution  of  the  atmosphere ;  we 
have  no  very  trustworthy  data,  therefore,  on  which  to  found 
a  confident  opinion  in  regard  to  the  permanence  of  the  pro- 
portion of  carbonic  acid  which  it  now  contains.  The  later 
observations  of  De  Saussure  do  give  a  considerably  lower 
estimate  of  the  quantity  of  this  acid  in  the  air  than  that 
which  was  deduced  from  the  results  of  the  earlier  experi- 
menters but  the  imperfection  of  the  modes  of  analysis  for- 
merly adopted  was  too  great,  to  justify  us  in  reasoning  rigo- 
rously from  the  inferences  to  which  they  lead.    We  cannot 

and  1829  gave  as  above  stated  about  4-10000  or  l-2500th  part  for  the 
mean  bulk  of  the  carbonic  acid  in  the  air,  which  is  nearly  6-lOOOtbs  of  its 
wholo  weight.  Among  these  observations  the  maximum  was  5-8  ten  thoa- 
•andthi,  the  minimum  3*15.  If  we  take  the  maximum  bulk  at  6-lOOOOths  of 
the  atr-*the  maximum  weighl  of  the  carbonic  acid  is  nearly  9-lOOOOihs  of 
that  of  the  atmosphere.  In  elementary  works  it  is  generally  stated  in  round 
numbers  at  1-lOOOih  of  the  weight  of  the  air,  but  if  the  best  experimental 
results  we  possess  are  to  be  any  guide  to  us,  this  is  at  least  one-third  too 
high^ 

It  is  also  of  consequence  to  remark,  that  this  estimate  of  the  whole  weight 
of  the  carbonic  acid  in  the  air  is  founded  on  the  supposition  that,  in  the 
highest  regions  of  the  atmosphere,  the  cabonic  acid  is  present  in  a  propor- 
tion nearly  equal  to  that  in  which  it  is  found  immediately  abovo  the  eoith't 
surface — which  is  by  do  means  estabitshod. 

*  15,583  lbs. — on  acre  being  4840  square  yards,  containing  each  1296 
•quara  inchet. 
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safely  cooclode  from  them  that  the  proportion  of  carbon  in 
the  atmosphere  has  really  diminished  to  any  sensible  extent 
during  this  limited  period ;  while  the  recorded  identity  of  all 
the  phenomena  of  vegetation  render  it  probable  that  the  pro- 
portion  has  notsensibly  diminished  even  within  historic  times. 
FroYn  what  sources,  then,  is  the  supply  of  carbonic  acid 
in  the  atmosphere  kept  up  ?•— and  if  the  proportion  be  per- 
manent, by  what  compensating  processes  is  the  quantity 
which  is  restored  to  the  atmosphere  produced  and  regulated  i 

§  3.  How  the  supply  of  carbonic  acid  in  the  atmosphere  is 

renewed  and  regulated. 

On  comparing,  in  a  previous  lecture,  the  quantity  of  rain 
which  falls  with  that  of  the  watery  vapour  actually  present 
in  the  air,  we  saw  reason  to  believe  that  even  in  a  single 
year  the  same  portion  of  water  may  fall  in  rain  or  dew  and 
ascend  again  in  watery  vapour  several  successive  times.  Is 
it  so  also  with  the  carbon  in  the  air  1  Does  that  which  feeds 
die  growing  plant  to-day,  again  mount  up  in  the  form  of 
carbonic  acid  at  some  future  time,  ready  to  minister  to  the 
sustenance  of  new  races,  and  to  run  again  the^same  round 
of  ever-varying  change  ?  Sacfa  is,  indeed,  the  general  his- 
tory of  the  agency  of  the  carbonic  acid  of  the  atmosphere  ; 
but  when  once  it  has  been  fixed  in  the  plant  it  must  pass 
through  many  successive  changes  before  it  is  again  set  free. 
The  conditions,  also,  under  which  it  is  restored  to  the  at- 
mosphere are  so  diversified**and  the  agencies  by  which,  in 
each  case,  it  is  liberated  are  so  very  distinct,  as  to  require 
that  the  several  modes  by  which  the  carbon  of  plants  is  re- 
converted into  carbonic  acid  and  returned  to  the  air,  should 
be  made  topics  of  separate  consideration. 

I. — ON  THE  PRODUCTION  OF  CAEBONIC  ACID  BY  BfiSPIRATmN. 

The  air  we  breathe  when  it  is  drawn  into  the  lungs,  con- 
tains 7797th  of  its  bulk  of  carbonic  acid  ;  when  it  returns 
hgdinjrom  the  lunffs,  the  bulk  of  this  gas  amounts,  on  an 
average,*  to  ^i^th  of  the  whole ;  or  its  quantity  is  increased 
one  hundred  times, 

•  It  variea  in  difierebt  individuals  from  2  to  8  per  cent  of  the  expired 
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The  actual  bulk  of  tha  earboBic  aetd  emitted  from  tba 
lungs  of  a  single  individual  in  24  hours  varies  exceedingly  ; 
it  has  been  estimated,  however,  on  an  average,  to  contain 
upwards  of  five  ounces  of  carbon.*  A  full  grown  man, 
therefore,  gives  off  from  his  lungs,  in  the  course  of  a  year, 
upwards  of  100  lbs.  of  carbon  in  tfao  form  of  carbonic  acid. 
If  the  quantity  of  carbon  thus  evolved  from  the  lungs  be 
in  proportion  to  the  weight  of  the  animal,  a  eow  or  a  horse 
ought  to  give  off  six  times  as  much  as  a  man.t  From  indi- 
rect experiments,  however,  Boussingaullf  estimated  the 
quantity  of  carbon  actually  lost  in  this  way  by  a  cow  at 
2200  grammes  in  24  hours,  and  by  a  horse  at  2400  grammes. 
These  quantities  are  equal  ta  6  or  7  times  the  amount  of 
carbon  given  off  from  the  lungs  of  a  man. 

If  we  suppose  each  inhabitant  of  Great  Britain,  young 
and  old,  to  i^pire  only  80  lbs.  of  carbon  in  a  year,  the 
twenty  millions  would  emit  seven  hundred  thousand  tons ; 
and,  allowing  the  cattle»  sheep,  and  all  other  animals,  to  give 
off  twice  as  much  more,  the  whole  weight  of  carbon  returned 
to  the  air  by  respiration  in  this  island  would  be  about  two 
millions  of  tons,  or  the  quantity  abstoacted  from  the  atmos- 
phere by  four  millions  of  acres  of  cultivated  land. 

Whence  is  all  this  carbon  derived  1  It  i&  a  portion  of 
that  which  has  been  conveyed  into  the  stomach  in  the  form 
of  food.  Suppose  the  carbon  contained  in  the  daily  food  of 
a  full  grown  man  to  amount  to  one  pound-^-rwhich  is  a  large 
allowance-t-then  it  appears  that,  by  the  ordinary  processes 
of  respiration,  at  least  wu^third  of  the  carbon  rfhisfood  u 
daily  returned  into  the  air. 


air.  In  animalt  it  varies  also  with  the  spccips.  The  air  Crom  the  lungs  of 
a  cat  contains  from  5|  to  7  per  cent.,  of  a  dog  from  4|  lo  6},  of  a  rabbit  from 
4  to  6,  and  of  a  pigeon  from  3- to  4  per  cent,  of  the  whole  bulk. — Dulong, 
Annal.  de  Chim,  et  de  Pky$.,  third  Series^  /.,  455. 

*  Davy,  and  Allen  and  Pepys,  ejtimated  the  weight  of  carbon  evolved  in 
a  day  at  upwards  of  H  ounces,  a  qoaaiity  which  all  writers  have  coocurred 
in  receiving  with  suspicion. 

t  Kstimating  the  ordinary  weight  of  a  mah  ut  150^  and  of  a  cow  at  800  to 
900  lbs.— See  Sprengel,  Lehre  vom  Bungtr,  p.  208. 

X  Ann.  de  Chim.  et  de  Phye.  Ixxi.,  pp.  127  and  136. 
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In  other  animals  the  proportion  returned  may  be  different 
from  what  it  is  in  man,  yet  the  life  of  all  depends  on  the 
emission  to  a  certain  extent  of  the  same  gas.*  And  since 
all  are  sustained  by  the  produce  of  the  soil,  it  is  obvious  that 
the  process  of  animal  ref>piration  is  one  of  those  methods,  by 
which  it  has  been  provided  that  a  large  portion  of  the  vege- 
table productions  of  the  globe  should  be  almost  immediately 
resolved  into  the  simpler  forms  of  matter  from  which  it  was 
originally  compounded,  and  again  sent  up  into  the  air  to 
minister  to  the  wants  of  new  races. 

|[.— ONTHB  PRODUCTION  07  CARBONIC  ACID  B7  COMBUSTION. 

Another  important  source  of  carbonic  acid  is  familiar  to 
us  in  the  results  of  artificial  combusticw. 

In  the  previous  lecture  I  have  shown  how,  by  the  action 
of  the  sun's  rays  upon  the  leaf,  the  carbonic  acid  absorbed 
from  the  atmosphere  is  deprived  of  its  oxygen,  and  its  car- 
bon afterwards  united  to  the  elements  of  water  for  the  pro- 
duction of  woody  fibre.  During  theprocess  of  combustion, 
this  labour  of  the  living  leaf  is  undone — the  carbon  is  made 
to  combine  anew  with  the  oxygen  oflhe  atmosphere,  and 
the  vegetable  matter  is  resolved  again  into  carbonic  acid 
and  water. 

Thus,  when  wood  (woody  fibre)  is  burned  in  the  air,  oxy- 
gen disappears,  and  carbonic  acid  and  watery  vapour  are 
alone  produced.     The  theory  of  this  change  is  simple. 

It  will  be  recollected  (p.  200)  that  in  forming  an  equivalent 
of  woody  fibre  or  of  sugar,  24  of  oxygen  were  given  off,  chief- 
ly by  the  leaf — so  in  again  resolving  these  substances  into 
carbonic  acid  and  water,  24  of  oxygen  are  absorbed.  Thus — 

1  of  Woody  Fibre  —  C»*  H»  Cf 

24ofOxvoBN     .       =  O** 

12  of  8  of 

Carbonic  acid.    Water. 

Sum       .       ^  C"  H*  0«=^12CO«  +  8H0 
Or,   1  of  Cane  Sugar  =  C»  H"0", 
24ofOxYaEN     .       -  (y* 

12  of  10  of 

Carbunic  acid.    Water. 

Sum     .       =  C*«  »•  0^=12CO» -f- lOHO 
•  That  th«  proportioQ  mutt  be  leas  ia  the  larger  aDim&U  la  certain 
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The  same  law  holds  in  regard  to  all  other  vegetable  sub* 
stances.  They  are  resolved  into  carbonic  acid  and  water, 
in  proportions  which  necessarily  vary  with  the  chemical 
constitution  of  each. 

It  applies  also  to  all  bodies  of  vegetable  origif^,  among 
which  nearly  all  combustible  minerals  may  be  reckoned. 
The  peat  and  coal  we  burn  in  our  houses  and  manufacto- 
ries, when  supplied  with  a  sufficiency  of  atmospheric  air, 
are  resolved  during  cumbustion  into  carbonic  acid  and 
watery  vapour. 

Some  vegetable  substances  contain  a  sroaU  quantity  of 
nitrogen.  When  these  are  burned,  this  nitrogen  escapes 
into  the  atmosphere, — generally  in  an  uncombined  state, — 
and  mingles  with  the  air.  So  in  animal  substances,  nearly 
all  of  which  contain  nitrogen  as  an  essential  constituent. 
During  perfect  combustion  the  whole  of  the  carbon  is  dis- 
sipated lu  the  form  of  carbonic  acid  while  the  nitrogen 
rises  along  with  it  in  an  elementary  state* 

The  result  of  this  uniform  subjection  of  all  combustible 
matter  to  the  operation  of  this  one  law,  is  the  constant  pro- 
duction on  Uie  surface  of  the  globe  of  a  vast  quantity  of 
carbonic  acid  ;-*the  re-conversion  of  large  masses  of  or- 
ganic matter  into  the  more  elementary  compounds  from 
which  it  was  originally  formed. 

How  interestmg  it  is  to  contemplate  the  relations,  at 
once  wise  and  beautiful,  by  which  through  the  operation  of 
such  laws,  dead  organic  matter,  intelligent  man,  and  living 
plants,  are  all  bound  together !  The  dead  tree  and  the  fos- 
sil coal  lie  almost  useless  things  in  reference  to  animal  and 
vegetable  life, — man  employs  them  in  a  thousand  ways  as 
ministers  to  his  wants,  his  comforts,  or  his  dominion  over 
nature — and  in  so  doing,  himself  directly  though  uncon- 
sciously ministers  to  the  wants  of  those  vegetable  races, 
which  seem  but  to  live  and  grow  for  his  use  and  sustenance. 

It  is  impossible  to  say  what  proportion  of  the  carbon  ab- 

•ince  the  daily  food  of  a  cow  may  be  stated  generally  at  eq«iival«Tit  to  25  lbs. 
of  bay,  contaioing  upwards  of  10  Iha.  of  carbon.  Ifone-tbirdortbu  were 
given  oft  from  tbe  lungt,  the  quantity  of  carbon  (3^  \\m.)  evolved  weald  be 
ten  timet  greater  tban  waa  indicated  by  tbo  expeiimeou  of  Douaaingaolt, 
and  nearly  double  of  what  tbe  weight  of  a  cow,  compared  with  that  of  a 
man,  requirea. 
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Borbed  during  the  general  vegetation  of  the  globe,  is  thus 
annually  restored  to  the  atmosphere  by  the  burning  of  vege- 
table matter.  That  it  must  be  very  great,  will  appear  from 
the  single  fact,  that  by  far  the  greater  part  of  the  globe  is' 
dependent  for  its  supply  of  fuel  on  the  animal  produce  of 
its  forests ;-«- while  even  in  those  more  favoured  countries 
where  mineral  coal  abounds,  the  quantity  of  wood  con- 
sumed by  burning  falls  but  little  short  of  the  entire  yearly 
growth  of  the  land. 

In  connection  with  this  subject,  I  must  draw  your  atten- 
tion to  one  interesting,  as  well  as  important,  fact.  I  have 
spoken  of  coal  as  a  substance  of  vegetable  origin,  and  there 
is  no  doubt  that  all  the  carbon  it  contains  once  floated  in 
the  air  in  the  form  of  carbonic  acid.  But  the  period  when 
it  was  so  mixed  with  the  atmosphere,  is  remote  almost  be- 
yond conception.  When,  therefore,  we  raise  coal  from  its 
ancient  bed  and  burn  it  on  the  earth's  surface^  we  add  to 
the  carbon  of  the  air  a  portion  which  has  not  previously  ex* 
isted  in  the  atmosphere  rfour  time. 

The  coal  consumed  in  Great  Britain  alone  is  estimated 
at  20  millions  of  tons,  containing  on  an  average  at  least  70 
per  cent,  or  14  millions  of  tons  of  carbon.  But  if  the  an- 
nual produce  of  an  acre  of  cultivated  land  contain  half  a 
ton  (p.  219)  of  carbon  derived  from  the  air,  the  coal  con- 
sumed in  this  country  would  supply  carbonic  acid  to  the 
crops  grown  upon  28  millions  of  acres.  Or,  since  in  Great 
Britain  about  34  millions  of  acres  are  in  cultivation  (p.  4), 
the  coal  we  afmuaUy  consume  produces  a  quantity  of  car- 
honic  acid  which  is  alone  sufficient  to  supply  food  to  the  crops 
that  grow  upon  seven-eighths  of  the  arable  land  of  this 
country, 

III. — PRODUCTION  OF  CARBONIC  ACID  BT  THE  NATURAL  DE- 
CAT  OF  VEOETABLB  MATTER.   LAW  OF  THIS  OECAV. 

Over  large  tracts  of  country  in  every  part  of  the  globe, 
the  vegetable  productions  of  the  soil  are  never  cropped  or 
gathered,  but  either  accumulate — as  occasionally  in  our 
peat  bogs ;  or  decay  and  gradually  disappear^-as  in  the 
jungles  of  India,  or  in  the  tropical  forests  of  Africa  and 
Southern  America. 
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The  final  resuUs  of  thU  decay  are  the  same  as  those 
which  attend  ufron  ordinary  combustion,  but  the  conditions 
under  which  it  takes  place  being  different,  the  immediaU 
results  are  to  a  certain  extent  different  also. 

When  a  vegetable  substance  is  burned  in  the  air,  the  oxy- 
gen of  the  atmosphere  is  the  only  material  agent  in  effect- 
ing the  decomposition.  The  carbon  of  the  burning  body 
unites  dtrectly  with  this  oxygen  and  forms  carbonic  acid. 

In  the  natural  process  of  decay,  however,  at  the  ordinary 
temperature  of  the  atmosphere,  vegetable  matter  is  exposed 
to  the  action  of  both  air  and  water ;  these  both  co-operate 
in  inducing  and  carrying  on  the  decomposition,  and  hence 
carbonic  acid  is  not,  as  in  the  case  of  combustioni  the  chief 
or  immediate  result. 

A  detail  of  all  the  steps  through  which  vegetable  matter  is 
known  to  pass  before  it  is  finally  resolved  into  carbonic  acid 
and  water,  would  be  difficult  for  you  to  understand,  and  is 
here  unnecessary.  A  general  view  of  the  way  in  which  bj 
the  united  agency  of  air  and  water,  the  decay  of  organic 
substances  is  effected  and  promoted,  may  be  made  very  in- 
telligible, and  will  sufficiently  illustrate  the  subject  for  our 
present  purpose. 

In  combustion,  as  we  have  seen,  the  tokole  of  the  vegeta- 
ble substance  is  resolved  directly  into  carbonic  acid  and 
water,  at  the  expense  of  the  oxygen  of  the  atmosphere.  In 
natural  decay  a  small  and  variable  portion  only  is  so 
changed,  but  to  the  extent  to  which  this  change  does  take 
place  carbonic  acid  is  directly  formed  and  sent  up  into  the 
air.  Suppose  such  a  change-^a  slow  combustion  in  reality 
—to  take  place  to  a  certain  extent,  and  let  us  consider  what 
becomes  of  the  remainder  of  the  vegetable  matter. 

l^'.  If  we  add 
6  of  Carbonic  Acid     .    .     «  C  0'«         to 

6  of  Light  Carburbtted  )  ^  q*   H'  •  we  have 

Hydroobn  (C  H')       ) 

The  sum  .  .  =  C»«  H'«  0'«  ;  or,  one  of 
grape-sugar ; — that  is,  one  of  grape-sugar  may  be  formed 
out  of  the  elements  of  6  of  carbonic  acid,  and  6  of  light 
carburetted  hydrogen.    Or,  conversely,  grape-sugar  being 
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already  produced,  it  may  be  resolved  or  decomposed  into 
theae  two  compounds  in  the  same  proportions,  without  the 
aid  of  the  oxygen  of  the  atmosphere. 

2o.  So  if  to 
1  of  Woody  Fibr«  —  C»  HP  O^  we  add 

4  of  Water    .     .     «         H<  O 

■■I        11         CaiKniie      Light  Carbu- 
Acid,      retioci  Hydrogen. 

We  have,  as  before,  C"  ff»  0'«  -  CC(y  +  ^  Cff 

Or  by  the  aid  of  the  elements  of  4  atoms  of  water,  woody 
fibre  may  be  resolved  into  C  of  carbonic  acid  and  as  many  of 
light  carburetted  hydrogen. 

30.  Again,  in  the  case  of  a  vegetable  acid,  if  to 
1  of  Tartaric  Acid  «=»  C^  H*  C?         we  add 
1  of  Oxygen    .     .     —  O* 


■         ■■.■II.  Carbonic    X«igbt  Carbn- 

Acid,    retted  Hydregen. 

We  have        C^ffO^^aCa  +  CH* 

That  is,  by  the  aid  of  one  of  oxygen  from  the  air,  one  of 
tartaric  acid  may  be  resolved  into  3  of  carbonic  acid,  and  I 
of  light  carburetted  hydrogen.  It  is  easy  to  see  how  any 
other  of  the  more  common  vegetable  productions  may— 
either  at  the  expense  of  its  own  elements,  as  in  ffrape*augar 
—or  by  the  aid  of  those  of  water,  as  in  woody  fibre — or  of 
the  oxygen  of  the  atmosphere,  as  in  tartaric  acid — ^be  re- 
solved into  carbonic  acid  and  light  carburetted  hydrogen,  in 
certain  proportions. 

Now  such  a  resolution  does  really  take  place  to  a  consid- 
erable extent  in  nature,  duiing  the  decay  of  organic  sub- 
stances in  moist  situations.  Hence  the  evolution  of  light 
carburetted  hydrogen  from  dead  vegetable  matter  in  marshy 
places  and  stagnant  pools — hence  the  production  of  the 
same  gas  in  compost  heaps,  and  especially  in  rich  and  heat- 
ed farm-yard  manure— and  hence  also  its  occurrence  in 
such  vast  quantities  in  many  of  our  coal  mines. 

You  will  now  be  able  to  appreciate  one  of  the  reasons 
why  this  light  carburetted  hydrogen  has  been  supposed  by 
aome  physiologists  (p.  65,)  to  contribute  as  food  to  the  or- 
dinary nourishment  of  plants.  It  is  pi^bdoced  in  nature  in 
many  and  varied  situations,  and  it  has  been  found  by  ex. 
perlroeot  to  exercise  a  visible  influence  upon  the  growth  of 
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plants ; — ^being  so  produced  where  yomig  plants  grow,  is  it 
never  imbibed  by  them  \ — being  possessed  of  this  influence, 
is  it  entrusted  with  no  control  over  the  general  Tegetation 
of  the  globe  t 

However  this  may  be,  by  far  the  greatest  portion  of  both 
these  gases  escapes  into  the  air; — ^the  carbonic  acid  to  ful- 
fil those  parposes  wfaidi  have  already  been  considered, — 
the  light  carburetted  hydrogen  to  undergo  a  further  change, 
by  which  it  also  is  resolved  into  carbonic  acid  and  water. 
Thus,  if  to 
1  of  Light  Carburet-  >  ^q  -0%  we  add 

TED  Hydrogen      )  ** 
4  of  Oxygen     ....■■  O* 

Cttrbomc  Acid.   Water. 

We  have     .      C  H"  O*  or  C  O'  +  2  H  O 
Or  one  of  this  ^as  with  4  of  oxygen  may  be  changed  into 
1  of  carbonic  acid  and  2  of  water. 

Now,  when  this  gas  escapes  into  the  air  it  becomes  dif- 
fused through  a  large  excess  of  oxygen,  and  is  thus  ready, 
at  any  instant,  to  be  decomposed.  Through  the  atmos- 
phere streams  of  electricity  are  cootinually  flowing,  and 
every  wandering  spark  that  passes  athwart  a  portion  of  this 
mixture  decomposes  so  much  of  the  light  gas,  and  produces 
in  its  stead  the  equivalent  proportions  of  carbonic  acid  and 
watery  vapour.  Thns  it  happens  that  of  the  vast  quantity 
of  this  and  other  combustible  gases  which  are  continually 
escaping  into  the  air,  so  few  traces  are  discernible  even  by 
the  aid  of  the  most  refined  processes  of  art.  By  a  wise 
provision  of  nature  such  substances  as  are  void  of  use  to 
either  animals  or  plants,  if  not  speedily  removed  from  the  air 
altogether,  are  there  converted  into  such  new  forms  of  mat- 
ter as  are  fitted  to  minister  to  the  necessities  of  living  beings. 

Though  therefore  in  the  natural  decay  of  vegetable  mat- 
ter in  the  presence  of  air  and  moisture,  a  certain  portion  of 
its  carbon  escapes  into  the  air  in  the  form  of  light  carbu- 
retted hydrogen — this  compound  is  but  a  step  towards  the 
final  change  into  carbonic  acid  and  water.  In  the  soil  the 
vegetable  matter  is  continually  undergoing  decay,  various 
substances  are  produced  in  greater  or  less  quantity,  sc»ne 
solid,  some  liquid,  and  some  gaseous  like  the  light  gas  of 
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wLich  we  have  been  speaking, — but  all  of  them,  like  this 
gas,  are  only  hastening — some  by  one  road,  so  to  speak, 
and  some  by  another— towards  that  final  destination  which 
sooner  or  later  they  are  all  fated  to  reach ;  when  in  the 
form  of  carbonic  acid  and  water  they  shall  be  in  a  condi- 
tion to  minister  a^ain  to  the  nourishment  of  all  plants. 

While  in  the  soil  some  parts  of  this  vegetable  matter  as* 
sumes  forms  which  are  capable  of  entering  again  into  the 
roots  of  living  plants,  and,  without  further  resolution  in  the 
air,  of  being  converted  by  the  livine  plant  into  portions  of 
its  own  substance.  The  nature  and  composition  of  these 
forms  of  matter,  so  far  as  they  are  known,  will  be  consid- 
ered in  a  subsequent  lecture.* 

It  is  upon  the  ^nal  result  of  this  natural  decay  to  which 
all  vegetable  matter  is  subject,  that  the  carbonic  acid  of  the 
atmosphere  depends  for  its  largest  supplies.  The  rapidity 
with  which  organized  bodies  perish,  and  become  resolved 
into  gaseous  compounds,  depends  partly  upon  the  climate 
and  partly  on  the  nature  of  the  substances  themselves, — but 
all  hurry  forward  to  the  same  end,  and  it  is  with  difficulty 
Uiat  we  are  able  for  a  time  to  arrest  or  even  to  retard  their 
steps.  It  is  by  this  perpetual  and  active  obedience  of  all 
dead  matter  to  one  fixed  law  that  the  existing  condition  of 
things  is  maintained ; — and  thus  it  happen^  that  either  by 
the  respiration  of  the  animals  which  live  upon  it,  by  the 
process  of  combustion,  or  by  that  of  spontaneous  decay,  the 
entire  cpop  of  vegetable  produce  is  -mpparerUlt/t  year  by 
year — taking  the  average  of  a  series  of  years—- resolved 
into  the  forms  of  matter  from  which  it  was  originally  built 
up  ; — and  the  substances  on  which  plants  feed  at  length 
restored  to  the  air  in  the  precise  proportion  in  which  they 
have  been  taken  from  it 

VI.— NATUSAL   SVOLUTION  OF  CARBONIC  ACID  IN  VOLCANIC 

COUNTRIES. 

The  above  apparent  conclusion  would  be  absolutely  true, 
were  there  no  causes  in  operation  by  which  the  restoration 


•  SminTntlt  the Leccnre <' On <4<  eMtliteHiw ^ mOp." 

20 


MO  BTOLUTIOir  Off  THIS  AOID  XV  YOhOAHtQ  OQtfHmtMM. 

tD  the  air  of  a  portion  of  the  carbon  of  animal  and  Tegeta- 
ble  substances  is  prevented — and  uo  other  sources,  itide- 
petiJent  of  existing  organic  matter,  from  which  carbonio 
acid  may  be  supplied  to  the  air. 

If  the  whole  of  the  carbon  be  not  returned  to  the  air,  the 
catbonic  acid  of  the  atmosphere  may  be  undergoing  dimi- 
nution ;  while— if  a  Isrge  supply  be  constantly  poured  into 
the  air  from  sources  iudependent  of  vegetable  matter,  the  pro- 
ponion  of  carbonic  acid  may  be  continually  on  the  increase. 

We  have  seen  that  the  combustion  of  fossil  coal  adds  to 
the  air  a  large  quantity  of  carbonic  acid  which  has  never 
before  existed  in  the  atmosphere  of  our  time.  In  many 
volcanic  districts  also,  carbonic  acid  is  observed  to  issue  in 
large  quantity  from  cracks  and  fissures  in  the  earth  ;^ac- 
C4»mpaoied  sometimes  by  water,  forming  mineral  springs^ 
from  which  the  copious  emission  of  gas  is  readily  perceived; 
more  frequently,  perhaps,  rising  up  alone,  and  thus  escap- 
inff  general  observation. 

It  must  obviously  be  exceedingly  difficult  to  estimate  the 
quantity  of  gas  which  rises  into  the  air  in  such  circumstan- 
ces over  an  extensive  tract  of  country,  fractured  and  broken 
up  by  volcanic  agency — where  the  outlets  are  numerous, 
and  the  rate  at  which  the  gas  escipes  very  variable.  That 
in  many  localities  it  roust  be  very  great,  however,  there  can 
be  no  question.  In  the  ancient  volcanic  district  of  the 
£ifn],  compiising  an  area  of  many  square  miles  aroooil  the 
Laacher  See,  on  the  left  bank  of  the  Rhine,  the  annual 
evolution  of  carbcmie  acid  from  springs  and  fissures  haa 
been  estimated  by  Bischof  at  not  less  than  100,000  tons. 
Containing  27,000  tons  of  carbon.  In  many  other  districts^ 
especially  where  active  volcanoes  exist,  the  volume  of  gas 
fiiven  off  may  be  quite  as  great,  though  no  atiempta  have 
hitherto  been  made  to  estimate  its  real  amount. 

^  Yet  though  absolutely  large,  the  quantity  of  carbonic  aeid* 
disengaged  in  this  way  from  the  earth  is  really  small  when 
compared  either  with  the  entire  quantity  supposed  to  be 

i present  in  the  atmosphere^  or  with  that  whicb  ia  rcquined 
wr  the  growth  of  the  yearly  vcgeUtion  of  the  globes  ^up* 
pose  that  from  a  thousand  spots  on  the  eaidi's  surface  a 
quantitf  of  carbooia  acid  equal  to  the  abeve  ettiiaate  of 
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Ksdiof  escapes  conotatitly  inte  the  air,  tlie  weight  of  cats 
l)on  (37  roilkons  ef  tons)  thus  dtfiVifled  throngb  the  atmo»- 
pbere  would  be  only  equal  te  that  whtch  is  yearly  ^rawA 
from  the  air  by  64  millions  of  acres  of  land  under  cuUirtt* 
tion  (p.  2}9)»  and  only  twice  as  much  as  that  contained 
in  the  coal  which  is  annually  eonsumed  in  Crreat  Britain 
alone. 

Still  if  the  ufhole  of  the  carbon  contained  in  the  produce 
of  the  general  vegetation  of  the  globe  be  ultimately  restoredl 
to  the  air, — either  by  the  respiration  of  animals,  by  the 
natural  and  slow  decay  of  vegetable  matter,  or  by  the  more 
rapid  process  of  combnstion,**-the  constant  addtdon  of  car- 
bonic acid  derived  from  volcanoes,  and  from  the  combnsl- 
tion  of  fossil  coal,  should  gradually,  though  slowly,  aug- 
ment the  proportion  of  this  gas  in  the  air  we  breathe ; — 
tiolees  it  be  perpetually  undergorng  a  permanent  diminu- 
tion, to  at  least  an  equal  extent,  from  the  operation  of  othet 
causes.  In  reference  to  this  point  there  are  three  circum- 
stances which  are  proper  to  be  considered  :— 

1^.  It  has  been  observed  that,  as  we  recede  from  the  land 
and  approach  the  centre  of  great  lakes,  or  sail  into  the  open 
sea,  the  quantity  of  carbonic  acid  in  the  air  gradually  di- 
minishes. It  is  therefore  inferred  that  the  sea  is  constant- 
]y,  and  to  a  sensible  extent,  absorbing  carbonic  acid  from 
the  atmosphere,  without  afterwards  restoring  it,  so  far  as  is 
yet  known,  by  any  compensating  process. 

2o.  The  waters  which  flow  into  the  sea  or  great  lakes 
constantly  bear  down  with  them  portions  of  animal  and 
vegetable  matter.  These  fall  along  with  the  mud  whicll 
the  waters  hold  in  suspension,  and  are  permanently  imbed- 
ded in  the  deposits  of  clay,  silt,  and  sand,  which  are  con^ 
tinually  in  the  course  of  formation. 

3o.  In  many  parts  of  the  world,  especially  in  the  lati- 
tudes North  and  South  of  45<>,  vegetaole  matter  accumu- 
lates in  the  form  of  peat,  becomes  buried  beneath  clay  and 
sand,  and  thus  is  prevented  from  undergoing  the  ordinary 
process  of  natural  decay. 

It  is  impossible  to  say  how  much  carbon  is  permanently 
withdrawn  from  the  atmosphere  by  these  several  agencies. 
There  is  reason  to  believe  that  it  is  quite  as  great  aS  the 
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quantity  added  to  the  air  b^  the  eombastion  of  coal^  and  hj 
the  evolution  of  carbonic  acid  in  Yolcanic  districts*  Indeed, 
the  supply  from  these  two  sources  appeara  to  return  only  a 
small  portion  of  that  carbonic  acid  which  is  abstracted 
from  the  air  by  the  agencies  just  stated,  and  which  have 
been  in  operation  during  every  geological  epoch. 


CJonclusiotu^ — The  general  conclusions,  therefore,  which 
we  seem  justified  in  drawing  in  regard  to  the  supply  of  car- 
bonic acid  to  the  atmosphere  are  as  follow : — 

1^.  That  a  large  portion  ef  the  carbonic  acid  absorbed 
by  plants  is  immediately  and  directly  restored  to  the  air  by 
the  respiration  of  the  animals  which  feed  upon  vegetable 
productions. 

2^.  That  a  still  larger  portion  is  more  slowly  returned  by 
the  gradual  re-conversion  of  vegetable  substances  into  car- 
bonic acid  and  water  during  the  process  of  natural  decay. 

3^.  That  nearly  all  the  remainder  is  given  back  in  the 
results  of  ordinary  combustion. 

4^.  That  a  further  portion,  which  has  not  previously  ex- 
isted in  the  atmosphere  of  our  timoi  is  conveyed  to  it  by 
the  burning  of  fossil  fuel,  and  by  the  emission  of  carbonic 
acid  from  cracks  and  fissures  in  the  surface  of  the  earth ; 
yet  that  the  quantity  thus  added  cannot  be  supposed  to  ex- 
ceed that  which  is  constantly  and  permanently  separated 
from  the  atmosphere  by  other  causes. 

The  balance  of  all  the  evidence  we  possess  is  probably 
in  favour  of  the  opinion  that  the  carbonic  acid  in  the  at- 
mosphere is  slowly  diminishing;  we  have,,  however,  no 
satisfactory  evidence  either  from  theory  or  experiment  that 
it  has  undergone  any  sensible  diminution  in  our  time.* 

*  la  another  work  ( Chemical  Geology)  tiow  preparing  for  publication, 
I  have  discussed  this  question  in  connection  witli  purely  Geological 
considerations  and  without  reference  to  our  time;  but  it  would  be  out 
of  place  to  introduce  here  any  train  of  reasoning  which  is  not  calculated 
to  throw  light  oo  the  phenomena  of  the  eidstii^  vegetatioo  of  th» 
globe. 
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I  4.  Of  the  mpply  qf  Ammonia  to  plants. 

In  a  previous  lecture  it  faas  been  shown  that  in  our  culti- 
vated fields  plants  derive  a  portion  of  their  nitrogen  from 
the  manure  which  is  added  to  the  soil.  But  the  quantity  of 
this  element  present  in  the  manure,  supposing  it  all  taken 
up  and  appropriated  by  the  plant,  is  seldom  equal  to  that 
contained  m  the  series  of  crops  which  this  manure  assists 
in  raising. 

Thus,  in  the  experiments  of  Boussingault  already  de^ 
scribed  (p.  215),  the  manure  added  previous  to  the  first,  or 
four  years'  course,  contained  157  parts  of  nitrogen,  while 
the  crops  contained  251  parts,-^or  nearly  ttoo-tJurdi  more 
than  could  he  derived  from  the  artificial  manure, 

"Whence  is  this  excess  of  nitrogen  derived,  and  in  what 
form  does  it  enter  into  the  plant  t  Liebig  replies  to  these 
questions,  that  the  whole  of  the  nitrogen  absorbed  by  plants 
enters  in  the  state  of  ammonia,  and  that  the  excess  above 
what  is  present  in  the  manure  is  drawn  either  from  the  soil 
or  from  the  ain  This  opinion,  advanced  by  so  high  an 
authority,  demands  our  attentive  consideration. 

Ammonia  has  been  detected  in  many  clays,  and  traces 
of  it  may  be  discovered  in  most  soils,  but  it  is  not  known 
to  be  a  natural  or  essential  constituent  of  any  of  the  solid 
rocks  of  which  the  crust  of  the  globe  is  composed.  These 
clays  and  soils,  therefore,  may  be  supposed  to  have  derived 
their  ammonia  from  the  atmosphere ;  and  Liebig  ascribes 
the  fertilizing  action  of  the  air  upon  stiff  clays  when  fal- 
lowed, of  burned  clay  when  applied  as  a  top-dressing,  and 
of  gypsum  on  grass*  lands,  to  the  larger  quantity  of  am- 
monia which  the  surface  of  the  soil  is  by  these  means 
caused  to  absorb  and  retain. 

There  is  no  question  that  ammonia  is  present  in  the  at- 
mosphere in  small  and  variable  quantity  (p.  45).  Whence 
is  this  ammonia  derived,  and  is  its  quantity  sufficient  to 
supply  the  demands  of  the  entire  vegetation  of  the  globe  t 

^  When  animal  substances  undergo  decay,  aeariv  all  the 
ftitrogen  they  contain  is  ultimately  separated  from  the  other 

*  See  BotB  to  pan  70. 
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coofitituenU  in  the  form  of  ammonia.  During  the  decay  of 
plants  also,  a  portion  of  their  nitrogen  escapes  in  the  state 
of  ammonia.  Of  the  ammonia  thus  formed,  much  asceoda 
into  the  air,  chiefly  in  comhination  with  carbonic  acid  as 
carbonate  of  ammonia  (smelling  salts),  and  much  remains 
in  the  soil.  Were  the  whole  of  the  nitrogen  contained  in 
plants  and  animals  to  assume  the  form  of  ammonia  whea 
they  decay,  and  to  remain  in  the  soil  or  in  the  air,  it  would 
always  be  within  the  reach  either  of  the  roots  or  leaves  of 
the  living  races  ;  and  thus  the  same  ammonia*  might  again 
and  again  return  into  the  circulation  of  new  vegetable 
tribes,  and  be  always  alone  sufficient  to  supply  all  the  de- 
mands of  the  existing  vegetation  of  the  globe. 

But  of  the  ammonia  thus  formed,  a  portion  is  daily 
washed  from  the  soil  by  the  rains  and  carried  to  the  sea, 
and  much  more  probably  is  washed *from  the  air  by  the 
waters  of  the  sea  itself,  or  by  the  rains  which  fall  directly 
into  the  wide  oceans ;  and  we  know  of  no  compensating 
process  by  which  this  ammonia  can  be  restored  to  the  air, 
and  again  made  useful  to  vegetatioo. 

Besides,  of  that  which  still  remains  in  the  air  much  must 
undergo  decomposition  by  natural  processes.  In  treating 
in  a  preceding  section  of  the  evolution  of  light  carburetted 
hydrogen  during  the  slow  decay  of  vegetable  matter  (p.  22S), 
I  have  shown  how  in  consequence  of  its  admixture  with  the 
oxygen  of  the  atmosphere,  this  gas  is  finally  decomposed, 
while  carbonic  acid  and  water  are  produced.  Ammonia  in 
like  manner  will  bum  in  oxygen  gas,  and  when  mixed  with 
atmospheric  air  mav  be  decomposed  by  the  eletric  spark — 
water  at  the  same  time  being  formed  and  nitrogen  set  free. 
Thus,  if  with 

1  of  Ammonia  a  N  IP  we  mix 

3  of  Oxygen    «-•  O*  we  have 

— — ^— —        3  of  water    1  of  nitrogen 

the  Sum  N  H»  0»  =  3  H  O   +   N 

or,  when  diffused  through  the  air,  1  of  ammonia,  with  the 
aid  of  3  of  oxygen,  vrill  yield  3  of  watery  vapour,  while  the 

*  Or  ammonia  cootainbg  the  Mine  aitrogen— luppoeing  the  hydrogen  to 
have  been  changed. 


AMMONU  ETOLVED  f  ROM  VOLCANOEB.  US 

Dltrogdn  may*  miDgle  with  the  air  in  an  elementary  fornf; 
Can  we  doubt  that  ammonia  is  thus  decomposed  in  the 
air  I  Not  to  speak  of  other  forms  assumed  by  the  electri- 
city of  the  atmosphere,  can  the  thunder-storms  of  the  tropi- 
cal regions  pass  unheeded  the  ammoniacal  vapours  they 
must  meet  with  in  their  course  1 

I  conclude,  then,  that  of  the  ammonia  which  is  formed 
from  the  nitrogen  actually  existing  in  animal  and  vegetable 
substances  during  their  decay,  only  a  comparatively  small 
portion  ever  returns  again  to  minister  to  the  wants  of  new 
races.f 

But  if  plants  obtain  all  their  nitrogen  from  ammonia,} 
how  is  this  waste  repaired-^whence  are  new  supplies  con* 
stantly  derived  ? 

We  have  seen  that,  in  certain  volcanic  countries,  car- 
bonic acid  is  evolved  in  vast  quantities  from  rents  and  fiS' 
sures  in  the  earth.  In  some  of  these  districts-^and  this 
has  been  observed  more  especially  in  Italy  and  Sicily,  and 
it  is  said  also  to  some  extent  in  Cbina-^amraonia  is  like- 
wise given  off,  in  combination  generally  with  some  acid, 
and  most  frequently  with  the  muriatic  acid  in  the  form  of 
sal-ammoniac  (muriate  of  ammonia).  "  TkU  afwnuma^^ 
Liebig  is  correct  in  saying,  "  huB  not  been  produced  ly  the 
animal  organism  /"  but  he  assumes  a  very  doubtful  position 
when  he  adds,  "  it  existed  before  the  creation  of  human 
beings;  it  is  a  party  a  primary  constituent  of  the  globe 
iUelf."^ 

Where,  we  might  ask,  has  this  ammonia  existed  during 

*  X  say  may,  because  it  may  at  the  same  time  combine  ifilk  oxygen  and 
form  nitric  acid.-— See  tbe  following  aectioni  p.  239. 

I I  might  add,  that  of  the  ammonia  whfch  does  return,  and  is  again 
absorbed,  a  portion  is  sobaequently  decomposed  in  the  interior  of  living 
plants,  as  is  shown  by  the  evolution  of  nitrogen  from  the  common  leaves  of 
some  and  the  flower  leaves  of  others# 

i  **  Wild  plants  chtain  more  nitrogen  fromiheatmciplUrefim  ike  form  of 
ammonia,  ikon  they  require  for  their  growik^  vor  the  water  which  evapo' 
rates  through  their  leaves  and  bloasoma  emits,  afker  a  time,-  a  putrid 
smoll — a  peculiarity  possessed  only  by  such  bodies  as  contain  nitro- 
gen.'^  Liebig,  Or  game  Chemteiry  applied  to  AgrieuUure,  p.  85.  Doee 
the  fact  here  stated,  justify  the  conclusion  wUch  appears  to  ba  drawn 
from  itT 
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all  past  time— from  what  deep  caTerna  of  the  earth  does  it 
now  escape  ) 

This  opinion  of  Liebig,  as  well  as  the  paramount  infla* 
ence  he  ascribes  to  ammonia  over  the  vegetation  of  the 
globe,  are  based  chiefly  on  the  fact  that  we  know  of  do 
means  by  which  ammonia  can  be  formed  by  the  direct 
union  of  the  hydrogen  and  nitrogen  of  which  it  consists. 

But  the  production  of  ammonia,  by  the  indirect  union  of 
these  elements,  is  daily  going  on  in  nature,  and  can  even 
be  effected  by  different  processes  of  arta     Thus-^ 

1<3.  When  organic  substances,  which  contain  no  nitro 
gen^  are  oxidised  in  the  air,  ammonia  is  not  unfrequently 
formed  (Berzelius).  Hence  it  must  be  produced  in  an* 
known  quantity  during  the  annual  decay  of  all  regetable 
substances. 

2^.  When  inorganic  substances  are  oxidised  in  the  pre* 
tence  of  air  and  water—as  ^en  moist  iron  filings  are  ex- 
posed to  the  air(CheTallier),  or  when  certain  oxidized  sub« 
stances  are  decomposed  in  the  air  by  means  of  potassium 
(Faraday),  or  when  metals,  such  as  tin  filings,  are  rapidly 
oxidized  by  means  of  nitric  acid,  ammonia  is  also  produced 
in  variable  quantity.  Hence  the  absorption  of  oxygen, 
even  by  the  inorganic  substances  of  the  soil,  may  give  rise 
to  the  formation  of  ammonia.     But, 

4®.  The  fact  which  most  clearly  illustrates  the  produc- 
tion of  ammonia  in  nature,  both  on  the  surface  of  the  earth 
in  the  soil,  and  far  in  the  interior  near  the  seat  of  yolcanic 
fires,  is  this,  that  if  a  current  of  moist  air  be  made  to  pass 
over  red-hot  charcoal,  carbonic  acid  and  ammonia  are  si* 
multaneously  formed.*  This  is  in  reality  only  a  repetiuon 
in  another  form  of  what  takes  place,  as  above  statea,  when 
vegetable  matter  decays,  or  iron  filings  rust  in  moist  air« 

*  Thii  experiment  U  easily  peribrmed  by  drawing  a  carreot  of  mixed 
ataMtDheric  air  and  aieaiii  tbrough  a  rad-boc  gainbarrel  filled  with  weU" 
bvriied  charcoal,  and  oawing  the  current,  oo  leaving  the  barrel,  to  pan 
lluoagh  water  acidulated  with  muriatic  acid.  After  a  time,  the  water  oa 
avaporatioii,  will  be  feond  to  contain  tracei  of  aal-ammooiac.  What  thai 
lakee  plaoe  ia  a  miall  exMriment  of  this  kind  mtist  more  readily  and  nora 
higel^  take  place  in  the  interior  of  the  earth,  where  eombtisttble  ■ubetancce 
at  a  high  temperatare  happaa  tobe  expoeed  to  acttirent  of  atSMipberie  air, 
adxed  with  waieiy  vapoar* 


8ITFPLT  or  NITRIC  ACID  TO  PLANTS,  237 

The  carbon  and  the  iron  decompose  the  watery  vapour  in 
the  air,  and  combine  with  its  oxygen,  while,  at  the  instant* 
of  its  liberation,  the  hydrogen  of  the  water  combines  with 
the  nitrogen  of  the  air,  and  forms  ammonia. 

The  source  of  the  ammonia  evolved  in  volcanic  districts, 
therefore,  is  no  longer  obscure.  The  existence  of  combua- 
tible  matter  in  such  districts,  and  at  great  depths  beneath 
the  surface,  can  in  few  cases  be  doubted,  and  the  passage 
of  a  mixed  atmosphere  of  common  air  and  steam  over  such 
combustible  matter,  at  a  high  temperature,  appears  to  be 
alone  necessary  to  the  production  of  ammonia.  It  is  un- 
necessary, then,  to  have  recourse  to  doubtful  speculations 
in  order  to  account  for  the  natural  reproduction  of  ammo' 
nia,  to  a  certain  extent,  in  the  place  of  that  which  is  con- 
stantly undergoing  decomposition  by  the  agency  of  causes 
such  as  those  above  described. 

But  is  the  inde6nilequantity  of  ammonia  reproduced  by 
these  indirect  methods  sufficient  to  replace  oZl  that  is  lost  t 
Can  it  be  supposed  to  impart  to  plants  all  the  nitrogen  they 
require  1  These  questions  will  be  considered  in  the  follow- 
ing section. 

§  5.  Cffthe  supply  of  nitric  acid  to  plants. 

In  regard  to  the  action  of  nitric  acid  upon  vegetation  it 
is  known—  * 

*  A  beautiful  illustration  of  the  tendency  ivhich  elementary  substances 
have  to  unite  with  each  other  at  the  inttarU  of  their  liberation  in  what  che- 
mists call  their  nascent  state,  is  mentioned  by  Kange. -^EinleUung  in  die 
teehnische  Chemie,  p.  373. 

If  I  part  of  the  hydrate  of  potash  and  20  of  iron  filings  be  heated  togeth- 
er, hydrogen  only  is  given  ojf. 

If  1  of  nitrate  of  potash  and  20  of  iron  filings  be  heated  together,  nilro* 
gen  only  is  given  off* 

But  if  40  of  iron  filings  he  mixed  with  1  of  hydrate  and  1  of  nitrate  of  pot* 
ash,  and  then  heated,  amfnonia  becomes  pereefMie. 

The  nitrogen  and  hydrogen  being  given  off  together,  and  at  the  same  in* 
stant,  some  portions  of  each  find  themselves  in  a  condition  to  unite,  and 
tbus  ammonia  is  produced.  The  same  result  roust  follow  in  many  natural 
operations,  when  hydrogen,  and  nitrogen  are  set  free  frem  a  previoua 
state  of  combination,  at  the  same  time,  and  in  the  presence  of  un» 
another. 
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10.  That  when,  io  the  £nrtn  of  nitrates  of  Boda,  potaab, 
fcc,  it  is  spread  upon  the  soil,  it  greatly  promotes  the 
growth  and  luzuriaQce  of  the  ciup  and  iocreaaes  its  pro- 
duce ;  and 

20.  That,  wh^i  other  circumstances  aire  favonrable  to  ve- 
getation*-as  in  certain  districts  in  India— -the  poeseoce  of 
an  appreciable  quantity  of  these  nitrates  adds  largely  to  the 
fertility  of  the  soil.* 

The  same  effects  are  uoqneaticinably  pn>doced  by  Uie  ad- 
dition of  ammonia  or  by  its  natural  piieseooe  ni  the  soil. 
The  beneficial  influence  of  both  c<mipotinds,  then,  being 
recognized,  the  relative  extent  to  which  each  operates  upon 
the  general  vegetation  of  the  globe  will  be  mainly  deter- 
mined by  the  cireumstaQces  and  the  quantity  in  which  they 
respectively  exist  or  are  reprodueed. 

In  regard  to  the  existence  of  nitric  acid,  it  is  not  known 
to  form  a  necessary  constituent  of  any  of  the  aolid  roeks  of 
whi^  the  crust  of  the  globe  is  composed,  but  la  diffused  al- 

^  For  the  foHowing  and  other  interesting  notices,  regarding  Indian  ag« 
riculture,  I  am  indebted  to  Mr.  Fleming,  of  Barocfaan,  in  Renfrewshire, 
whose  long  residence  in  the  districDi  to  which  he  alludes,  as  well  as  the 
interest  be  takes  in  practical  agriculture,  renders  bis  testimony  very  valu- 
able: 

*'  The  ditftricu  of  Chaprab,  Tirboot,  and  Shahabad,  near  Patna,  where  a 
krge  proportion  of  the  saltpetre  ^ent  from  Bengal  is  produced,  are  consid- 
ered the  most  fertile  in  Bengal,  producing  2  and  sometimes  3  crops  yearly. 
The  naUves  of  these  districts,  particularly  a  caste  called  Quirees  (heraditary 
gardeners),  who  cultivate  the  best  land,  and  produce  the  best  crops,  ane  in 
tlio  babit  of  irrigating  their  fields  with  water  from  wells  so  strongly  impr^- 
Dated  with  saltpetre  and  other  salts  as  to  be  quite  braokisb,  and  they  consi- 
der onions,  turnips,  and  peas,  mont  benefi  tted  by  this  irrigation.  Grain  crops 
also  grow  most  luauriantly  on  lands  yielding  saltpetre,  where  there  is  enough 
of  rain  within  a  week  or  two  after  the  seed  is  sown,  but  if  drought  follows 
the  sowing,  and  continues  for  3  weeks  or  a  month,  the  leaf  becomes  yellow 
and  the  crop  fails, 

"  The  Hindoos  do  not  generally  manure  their  lands,  as  the  dung  of  tko 
cattle  i«  used  for  fuel,  but  the  duirecd  collect  the  ashes  of  cow  dung  and  of 
burned  wood,  and  use  it  as  a  manure  in  some  cases,  chiefly  for  the  poppy 
plant. 

'*  The  Hindoos  have  for  a^s  been  well  acquainted  with  the  rotation  of 
crops  and  the  advantages  of  fallowing  land,  although  agreat  proportion  of 
the  land  ia  almost  constantly  in  rice,  Indian  corn,  or  millet,  during  the  rainy 
season,  and  in  wheat  or  peas  during  the  dry  season/' 
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most  universally  through  the  soil  which  overspreads  the 
surface.  In  the  hotter  regions  of  the  earth,  in  India,  in  Af- 
rica, and  in  South  Amenca  (p.  76),  it  in  many  places  ac- 
cumulates in  sufficient  quantity  to  form  incrustations  of 
conaiderahle  thickness  over  very  large  areas,  and  in  many 
more  it  can  he  separated  hy  washing  the  soil.  Even  in  the 
climates  of  Northern  Europe,  it  is  rarely  absent  from  the 
water  of  artificial  wells,  into  which  the  rains,  after  filtering 
through  the  surface,  are  permitted  to  make  their  way.* 

On  the  whole,  nitric  acid  and  its  compounds,  appear  to 
exist,  ready  formed  in  nature,  in  larger  quantity  than  either 
ammonia  or  any  of  its  compounds. 

Of  these  nitrates,  as  they  do  of  ammonia,  the  rivers  must 
he  continually  hearing  a  portion  to  the  sea,  but  there  are  in 
nature  unceasing  processes  of  reproduction,  by  which  not 
only  this  waste  of  the  nitrates  is  repaired,  but  that  further 
waste,  also,  which  is  caused  by  their  absorption  into  the 
roots  and  subsequent  decomposition  in  the  interior  of  plants. 
Let  us  shortly  consider  these  processes  of  reproduction. 

1^.  When  a  succession  of  electric  nparks  is  passed 
through  common  air,  nitric  acid  (N  O^),  is  slowly  but  sen- 
sibly formed.  The  currents  of  electricity  which  in  nature 
traverse  the  atmosphere  must  produce  the  same  effect, 
and  the  passage  of  each  flash  of  lightning  through  the  air 
must  be  attended  by  the  formation  of  some  portion  of  this 
acid. 

Afler  a  thunder-storm  planta  appear  wonderfully  re- 
freshed ;  in  thundery  weather  they  grow  most  luxuriantly, 
and  other  things  being  equal,  those  seasons  in  which  there 
is  much  thunder  are  observed  to  be  the  most  fruitful.  Some 
have  ascribed  these  results  to  the  tmmediiUe  agency  of  elec- 
tricity on  the  growth  of  pl«nt9,t  Is  it  not  equally  possible 
that  they  mav  be  connected  with  this  necessary  production 
of  nitric  acidt 


*  Itoeewtinthew«1koftbe  aeSghborlmod  of  Berlin  (Mitfcberfich),  in 
the  fiira  of  nitruw  of  potasb,  live,  and  masoorift,  in  tbe  wells  around  Stock- 
holm, and  may  be  expected  in  all  welli  that  are  du£  (Beneliu*).— 2Va»<4 

t  Sjwengel,  CkemU  /.,  p.  99. 
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In  the  rain  wbich  fell  during' 17  thunder-siormSi  Liebig 
found  nitric  acid  always  present  and  generally  in  combina- 
tion with  lime  and  ammonia.  In  the  rain  which  fell  on  60 
other  occasions,  he  could  detect  it  only  twice.  In  minute 
quantity  nitric  acid  is  difficult  to  detect.  How  much  then 
must  be  formed  in  a  thunder-storm,  even  in  our  climate,  to 
make  the  presence  of  this  acid  always  appreciable  in  the 
rain  that  falls — how  vast  a  quantity  in  those  warmer  cli- 
mates, where  such  storms  are  so  frequent  and  so  appalling  ! 

2°.  When  a  mixture  of  ammonia  with  oxygen  gas  is  ex- 
ploded by  passing  an  electric  spark  through  it,  a  quantity 
of  nitric  acid  is  formed,  even  when  the  oxygen  is  not  suffi- 
cient to  oxidize  the  whole  of  the  ammonia*  (Bischof). 
Hence,  if  in  the  air,  as  we  have  seen  reason  to  believe,  the 
ammonia  given  off  from  decaying  animal  matters,  and  from 
other  sources,  be  decomposed  by  the  atmospheric  electricity, 
—there  will  necessarily  be  formed  at  the  same  instant  a 
portion  of  nitric  acid,  at  the  expense  of  the  nitrogen  of  the 
ammonia  itself.  This  nitric  acid  will,  as  necessarily,  com- 
bine with  some  of  the  ammonia  which  still  remains  in  the 
air.  Hence  the  existence  and  production  of  nitrate  of  am- 
monia in  the  atmosphere,  and  the  consequent  presence  of 
this  acid  along  with  ammonia  in  rain  water. 

Thus  the  very  cause  which  in  the  preceding  section  was 
shown  to  operate  in  constantly  diminishing  the  amount  of 
ammonia  in  the  air,  and  the  operation  of  which  certainly 
renders  improbable  the  existence  of  this  compound  in  the 
atmosphere  in  the  large  quantity  supposed  by  somet— the 
same  cause  is  at  the  same  moment  constantly  reproducing 
nitric  acid.  And,  though  much  of  what  is  thus  produced 
must  necessarily,  as  in  the  case  of  ammonia,  be  carried 
down  to  the  sea  by  the  rains,  or  be  directly  absorbed  by  the 

*  It  was  thown  above  (p.  234),  that  1  ofammonia  NH>  requires  3  of  ozy- 
gen  to  decompose  it,  forming  3  of  water,  and  setting  the  nitrogen  free.  But, 
in  reality,  as  Bischof  has  shown,  the  nitrogen  is  not  wholly  set  free,  but  a  por- 
tion both  of  its  hydrogen  and  nitrogen  combine  with  oxygen  (are  oxidised) 
at  the  same  instant,  forming  simultaneoosly  both  water  (HO),  and  nitric 
acid  (N  0*). 

f  See  especially  Lieb(g*8  Organic  Chemistry  applied  to  AgrievUmn^ 
p.  74* 


ARTIFICIAL   NITBB   B&D8.  ,241 

waters  of  the  ocean  theraselves,  yet  it  is  obvioue  that  in 
whatever  proportion  we  may  suppose  the  ammonia  of  the 
air  to  reach  the  leaves  and  roots  oi  plants,  in  no  less  propor- 
tion must  the  nitric  acid,  with  which  it  is  associated,  be 
enabled  to  enter  into  the  circulatiug  system  of  the  various 
tribes  of  living  vegetables,  that  flourish  on  every  quarter  of 
the  globe. 

30.  Again  we  have  seen  that,  during  the  decay  of  vege- 
table substances  in  moist  air,  ammonia  is  formed  at  the  ex- 
pense of  the  hydrogen  of  the  water  and  of  the  nitrogen  ot 
the  air.  In  consequence  of,  or  in  connection  with,  such 
decay,  nitric  acid  is  also  largely  produced  in  nature. 

The  most  familiar,  as  well  as  the  most  instructive  exam- 
ples of  this  formation  of  nitric  acid  is  in  the  artificial  nitre- 
beds  of  France  and  the  North  of  E  urope.   These  are  formed 
by  mixing  earth  of  difi'erent  kinds  with  stable  manure  or 
other  animal  and  vegetable  matters,  and  exposing  the  mix- 
ture to  the  air  in  long  ridges  or  conical  heaps,  which  are  oc- 
casionly  watered  with  liquid  manure,  and  turned  over,  to 
expose  fresh  portions  to  the  air.    After  a  time,  perhaps  once 
a  year,  the  whole  is  washed,  when  the  water  which  comes 
off  is  found  to  contain  a  variable  quantity  of  the  nitrates  of 
potash,  soda,  lime,  and  magnesia,  which  are  employed  for 
the  manufacture  of  saltpetre.     In  these  nitre-beds  it  baa 
been  observed  that  the  production  of  nitric  acid  either  does 
not  take  place  at  al),  or  only  with  extreme  slowness,  unless 
animal  and  vegetable  matter  be  present  in  considerable  pro- 
portion.   And  yet  the  quantity  of  nitric  acid  which  is  formed 
is  much  greater  than  cuuld  be  produced  by  the  oxidation  of 
the  whole  of  the  nitrogen  contained  in  the  organic  matters 
present  in  the  mixture.*     It  is  also  observed  that  the  nitre- 
beds  are  more  productive  when  a  portion  from  one  outer 
face  of  the  heap  is  lixiviated  from  time  to  time,  and  the 
washed  earth  added  to  the  other  side,  than  when  the  whole 

*  DaiTias*  TraiU  de  Chemie  It,  p.  725.  He  adds  that  100  lbs.  of 
nitre  contain  the  nitrogen  of  75  lbs.  of  ordinary  animal  matter,  supposed 
in  a  dry  state,  or  of  300  or  400  Ibn.  in  its  ordinary  state  of  moisture,-— » 
much  {greater  relative  proportion  of  animal  matter  than  is  ever  added 
to  the  heap. 
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b  lixiviated  at  once,  and  again  formed  into  a  heap  and  ex- 
posed to  the  air. 

It  appears,  therefore,  that  organic  matters  are  in  oar  cli- 
mate necessary  to  cause  the  formation  of  nitric  acid  to  com* 
mence^  but  that  after  it  has  begun  it  will  proceed  in  the 
same  heap  for  an  indefinite  period,  and  at  the  expense  ap- 
parently of  the  nitrogen  of  the  air  only. 

Compost  heaps  are  in  general  only  artificial  nitre-beds, 
often  unskilfully  prepared  and  badly  managed,  producing, 
however,  a  certain  quantity  of  nitrates,  to  the  presence  of 
which  their  effect  on  vegetation  may  not  unfrequently  be 
ascribed.     To  this  fact  we  shall  hereafter  recur. 

The  soils  in  the  plains  of  India,  and  in  other  similar  spots 
in  the  tropical  regions,  may  be  regarded  as  natural  nitre- 
beds,  in  which,  ihe  decay  of  organic  matter  being  vastly 
more  rapid  than  in  our  temperate  regions,  the  production  of 
nitric  acid  is  rapid  in  proportion.* 

4^.  But  in  many  localities  in  which  the  presence  of  or- 
ganic matter  is  not  to  be  recognized  in  sensible  quantity, 
the  production  of  this  acid  is  observed  to  proceed  with  a 
constant  and  steady  pace.  Thus,  from  the  walls  of  certain 
caves  in  Ceylon  a  layer  is  yearly  pared  off,  which  yields 
an  abundant  crop  of  saltpetre  (Dr.  John  Davy).  The  cele- 
brated Mammoth  cave  in  Kentucky,  situated  in  a  limestone 
ridge,  yields  an  inexhaustible  supply  of  nitrate  of  lime. 
During  the  war  with  Great  Britain,  fifty  men  wereconstant- 
ly  employed  in  lixiviating  the  earth  of  this  cave,  and  in 
iJ>out  three  years  the  washed  earth  is  said  to  become  as 
strongly  impregnated  as  at  first.  Through  the  cave,  a 
strong  current  of  air  is  continually  rushing — ^inwards  in 
winter  and  outwards  during  the  summer  months.  On  the 
plaster  of  old  walls,  especially  in  damp  situations,  an  e£Boi^ 

*  We  are  lu  yet  too  little  acquainted  with  the  natural  hiatory  of  the 
district  of  Arica  in  South  America,  in  which,  a«  already  stated  (p.  76), 
the  nitrate  of  soda  has  been  accumulated  in  such  large  quantity,  to  be 
able  to  say  to  what  special  cause  the  accumulation  is  due.  But  m, 
from  the  description  of  Mr.  Darwin,  the  locality  appears  to  have  been 
the  site  of  an  ancient  lake,  it  is  not  unlikely  that  tne  nitrate  may  have 
been  derived  firom  the  successive  washings  of  a  soil  similar  to  that  of 
India,  by  rains  or  periodical  flood s,  which  for  a  long  period  emptied 
themselves  into  or  fed  the  lake. 
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escence  of  this  and  other  nitrates  is  frequently  obserred 
over  every  part  of  Europe.  In  China,  according  to  Davis, 
the  old  plaster  of  the  houses  is  so  much  esteemed  as  a  ma- 
nure, that  parties  will  often  purchase  it  at  the  expense  of  a 
coating  of  new  plaster.  Old  clay  walls,  and  especially  the 
walls  of  clay-built  huts»  are  said  to  be  very  fertilizing  to  the 
land,  when  applied  as  a  top-dressing,  and  in  some  parts  of 
England,  where  the  land  is  poor,  the  people  are  said  to  pile 
up  the  soil  in  the  form  of  walls,  in  order  to  improve  its 
quality.  These  latter  facts  seem  to  indicate  that  both  in 
China  and  England  nitric  acid  is  pfoduced  in  similar  cir- 
cumstances, and  that  to  its  production  the  fertilizing  action 
of  the  old  plaster,  and  of  the  weathered  clay,  is  alike  to  ba 
attributed. 

In  the  cultivated  soil  also,  this  acid  is  formed  in  ordinary 
circumstances.  Braconnot  found  nitrate  of  potash  in  the 
botanic  garden  at  Nancy,  in  a  portion  of  soil  in  which  pop- 
pies {papaver  somniferum)  had  grown  luxuriantly  for  ten 
years  in  succession-- in  larger  quantity  in  the  soil  surround- 
ing the  interlaced  roots  of  an  escUpias  incamata,  growing 
in  an  ordinary  flower-pot,  with  a  hole  in  the  bottom— as 
well  as  in  moss  earth,  m  which  a  plant  of  euphorbia  hretmi 
had  been  grown  in  a  pot.*  There  is  little  reason  to  doubt, 
indeed,  that  nitrates  are  to  be  found,  in  greater  or  less 
quantity,  in  all  cultivated  soils. 

I  shall  not  enter  into  a  detailed  inquiry  how  this  nitric 
acid  is  formed.  It  is  probable  that  as  in  the  atmosphere 
ammonia  may  be  decomposed  and  give  rise  to  the  formation 
of  nitric  acid,  so  in  the  soil  this  acid  may  result  from  a  simi- 
lar decomposition,  proceeding  more  slowly,  but  according  to 
the  same  natural  laws.  In  warm  climates,  indeed,  it  appears 
certain  that  the  ammonia  which  is  evolved  or  formed  during 
the  decay  of  animal  and  vegetable  substances,  does  speedily, 
and  to  a  great  extent,  undergo  oxidation,t  and  thus  give  rise 

*  An  de  Chim,  ei  de  Phyt.^  Izxit.,  p.  33  to  35. 

t  For  the  perfect  oxidation  of  1  of  emmoma,  no  lesi  than  8  of  oxy- 
gen ere  required.     Thus 

1  of  I   of  3  of 

Aramonia.         Nitric  Acid.     Water. 

NU<+80»NO«+3HO 
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to  the  greater  abundance  of  nitric  acid  with  which  the  tro- 
pical soils  abound. 

Thus  in  the  economy  of  nature,  much  ammonia  is  de- 
composed  in  the  soil  also,  and  hence  another  cause  for  the 
constant  diminution  of  the  quantity  of  this  compound  in 
addition  to  those  already  detailed  in  the  preceding  section. 

But  besides  the  portion  of  this  nitric  acid,  which  owes 
its  existence  to  the  decomposition  of  ammonia,  much,  by 
far  the  greatest  proportion  in  all  probability,  derives  its  ori- 
gin from  the  union  of  the  elements  of  the  atmosphere  itself. 
This  direct  union  is  effected  in  the  air,  as  has  been  already 
shown,  by  the  agency  of  atmospheric  electricity ;  but  it 
also  takes  place  in  the  sail  during  the  oxidation  of  the  other 
elements  contained  in  the  organic  matters  which  are  there 
undergoing  decay.  The  combination  of  the  elements  of 
ammonia  in  such  circumstances  proceeds  on  the  principle 
that  bodies  themselves  undergoing  oxidation,  dispose  other 
substances  in  contact  with  them  (in  this  instance  the  nitro- 
gen of  the  air)  to  unite  with  oxygen  also.  The  presence 
of  lime,  potash,  &c.  in  the  soil,  further  induces  to  this  oxi- 
dation by  the  tendency  of  these  substances  to  combine  with 
the  acid  which  is  formed  by  this  union  of  the  elements  of 
which  nitric  acid  consists. 

It  is  impossible  precisely  to  estimate  the  quantity  of 
nitrie  acid  produced  in  these  various  ways,  through  these 
Tarioua  agents,  and  in  these  varied  circumstances,  or  to 
balance  it  accurately  against  the  amount  of  ammonia  con- 
tinually reproduced,  as  we  have  seen,  in  nature,  wherever 
the  necessary  conditions  present  themselves.  Bu,t,  as  I 
formerly  concluded,  that  the  amount  of  nitric  acid  actually 
existing  in  the  superficial  deposits  of  our  globe  is  greater 
than  that  of  ammonia,  so  I  think  that,  in  regard  tp  the  re- 
production also  of  these  two  compounds,  the  balance  is  in 
favour  of  the  former. 

Since,  then,  nitric  acid  is  fitted,  by  the  solubility  of  its 
compounds,  to  enter  into  the  circulation  of  plants  in  any 
quantity — «ince»  when  applied  to  them,  it  does  undoubtedly 
promote,  in  a  remarkable  degree,  the  growth  of  plants— and 
since,  in  nature^  it  is  continually  reproduced  in  every  coun- 
try, and  under  such  varied  circumstances — I  cannot  witii* 
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hold  rnyaelf  from  the  conclustoo,  that,  over  the  general  Te- 
getation  of  the  glohe,  it  holds  with  ammonia  at  least  an 
equal  sway,  and  is  appointed  to  exercise  at  least  an  equal 
influence  over  the  growth  of  plants,  hoth  in  their  natural 
and  in  their  cultivated  state. 

Still  the  influence  of  each  is  not  unvaried  hy  locality  or 
by  climate.  The  extent  of  dominion  exercised  by  the  ni- 
trates probably  diminishes  as  we  recede  from  the  equator, 
while  that  of  ammonia  increases, — it  may  be  in  an  equal 
proportion.  The  reason  of  this  probable  variation  will 
appear  in  the  following  section. 


§  6.  Theory  of  the  action  of  nitric  acid  and  ammonia. 

These  two  compounds  act  so  far  in  common  as  to  yield 
a  supply  of  nitrogen  to  the  plants  into  which  they  enter; 
They  do  so,  however,  under  conditions  which  may  be  con' 
siderably  different,  and  may  be  attended  by  unlike  chemical 
changes. 

I. — ^THBOaV   OF  THB  ACTION  OF  NITRIC  AGIO, 

l^'.  The  nitric  acid  of  the  nitrates  entering  into  the  cir- 
culation of  the  roots  will  ascend  to  the  leaf,  and  will  there 
be  decomposed  in  the  same  way  as  the  carbonic  and  other 
similar  acids  are,  by  the  action  of  the  sun's  rays.  It  is 
only  in  the  light  of  day  that  carbonic  acid  is  decomposed 
in  the  green  parts  of  plants — so  roust  it  be,  generally,  with 
the  nitric  acid  which  ascends  to  the  leaf.  Its  oxygen  will 
be  given  off,  while  its  nitrogen  may  be  retained  in  the  cir- 
culating system  of  the  plant.  The  extent  to  which .  this 
decomposition  will  take  place  at  each  passage  of  the  aap 
through  the  leaf  will  depend,  in  some  degree,  on  the  nature 
of  the  base  (whether  potash,  soda,  or  lime)  with  which  the' 
acid  is  in  combination,  but  much  more  en  the  intensity  of 
the- light  to  which  the  gr6en  parts  of  tfa^  plant  are  expoi^iedy* 
aiid  on  the  temperature-  of  the  air  in-  whtch  the  plafithirp« ' 
pens  to  grow. 

2^.  It  is  still  uncertain'  whether  this  acid  is  capable  of 
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being  decomposed  in  the  roots  or  steins  of  plants  where  it  is 
excluded  from  the  light,  though  it  is  very  probable  that  it 
may  be  so,  especially  in  cases  where  the  juices  naturally 
contain  substances  in  which  hydrogen  is  present  in  excess, 
or  where  such  compounds  make  their  way  into  the  circulation 
of  plants  from  the  manure  that  may  be  applied  to  their  roots. 
Thus  in  the  pines,  in  which  turpentine  (C^°  H^')  natu* 
rally  abounds,  such  a  decomposilion  may  the  more  readily 
occur,  inasmuch  as  it  would  not  necessarily  imply  the  pro- 
duction and  evolution  of  any  gaseous  substance.     Thus 

1  of  Oil  of  Turpjsntine,«s«C*''H*"  with  the  oxygen  of 
1  of  Nitric  Acid  (NO*,)—  O'  gives 

1  of  Resin, .  =  C*»H'»         O' 

By  uniting  wifrh  the  oxygen  of  the  nitric  acid,  therefore, 
oil  of  turpentine^  in  such  trees,  might  be  changed  into  resin 
during  its  passage  through  the  stem,  while  the  nitrogen, 
being  set  free,  might  at  the  moment  of  its  liberation,  unite 
with  other  elements  to  form  those  parts  or  productions  of 
the  tree,  into  which  this  element  enters  as  a  necessary  con- 
stituent. 

The  above  must  be  considered  merely  as  an  illustration 
of  the  kind  of  changes  which  may  possibly  take  place  in  the 
interior  of  certain  plants,  and  in  the  absence  of  light,  when 
the  nitrates  happen  to  be  present.  Were  I  to  affirm  that 
Buch  changes  actually  do  occur  in  the  presence  of  nitric 
acidj  the  theoretical  chemist  would  have  a  right  to  expect 
that  several  collateral  questions  should  be  discussed,  the  con- 
sideration of  which  would  here  be  out  of  place. 

3<^«  The  nitrates  muy  also  act  in  another  way^  which 
does^not  involve  the  necessity  of  the  total  decomposition  of 
the  acid  they  contain.  We  know  that  iu  nature  many  sub- 
stances are  capable  of  inducing  chemical  changes  in  other 
compound  bodies,  without  themselves  undergoing  decom- 
position. Some  beautiful  illustrations  of  this  have  already 
Deen  given  in  a  previous  lecture,  when  treating  of  the  ac- 
tion of  sulphuric  acid  upon  starch,  and  woody  fibre.*     BuX 

*  liecture  VI.,  pp.  165, 16Z. 
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the  fact  which  most  immediately  beam  on  the  influeoce  of 
the  nitric  acid  in  the  living  plants  is  that  mentioned  in 
p.  186, — that  by  solution  in  this  acid  in  the  cold,  starch  is 
converted  into  a  substance  having  the  composition  of  woody 
fibre.  In  the  interior  of  the  plant  changes  of  this  kind  may 
be  produced  by  simple  contact  only,  with  the  nitric  acid,  so 
that,  without  being  decomposed,  it  may  be  materially  ser- 
viceable in  promoting  those  molecular  changes  which  are 
necessary  to  the  healthy, and  rapid  growth  of  the  plant. 

II, — THEORY   OP  THE  ACTION   OF   AMMONIA. 

lo.  Ammonia  is  capable  of  contributing  to  the  growth  of 
the  plant,  by  means  of  the  hydrogen,  as  well  as  of  the  ni- 
trogen it  contains.  We  have  seen*  that,  according  to  the 
results  of  the  best  experiments,  the  whole  of  the  oxygen  of 
the  carbonic  acid  absorbed,  is  not  given  off  by  the  leaves  of 
all  plants  even  in  the  sunshine, — while  in  the  dark  this 
gas  is  largely  and  directly  imbibed  from  the  air.  If  in  the 
sap  of  a  plant  there  b^  present  at  the  same  time  a  quantity 
of  ammonia,  the  hydrogen  of  this  ammonia  may  unite  di- 
rectly with  the  oxygen  of  the  carbonic  acid,  forming  water 
and  a  proportionate  quantity  of  one  or  other  of  the  seve- 
ral compounds  (p«  163),  which  may  be  represented  by  car- 
bon and  water.     Thus 

3  of  Carbonic  Acid,  ==  C*        O*  and  the  hydrogen  of 
2  of  Ammonia  (NH»)  =       H« 

— . —  \  of  Gnip«  3  of 

Sugar.  Water. 

give  .....    C^  »•  (y  =  CM1»  (y  +  »  H  o 

fio  that  where  ammonia  is  present,  and  circumstances  are 
favourable,  sugar  or  starch  may  be  formed  in  variable  quan- 
tity, without  the  necessary  evolution  of  oxygen  gas.  This 
change  will  take  place  in  the  interior  of  the  leaf.  And,  if 
the  direct  decomposition  of  carbosic  acid,  and  the  evolution 
of  its  oxygen  by  the  agency  of  the  aun,  take  place  at  the 
same  time— with  a  rapidity  proportioned  to  the  intensity  of 
the  light, — ^this  simultaneous  production  of  sugar,  &;c.|from 

*  Notet  to  pages  201  tnA  205. 
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the  presence  of  ammonia,  mast  aid  the  increase  and  growth 
of  the  plant ;  and  may  be  one  main  cause  of  the  fertilizing 
action  of  this  compound,  which  has  been  so  long  and  so 
generally  recognized. 

When  the  hydrogen  of  the  ammonia  is  thus  worked  up, 
the  quantity  of  oxygen  which  escapes  from  the  leaf  must  be 
less  in  proportion ;  and  hence  another  cause  (p.  205)  for 
those  discrepancies  which  have  been  observed  in  regard  to 
the  bulk  of  oxygen  given  off,  compared  with  that  of  the  car* 
bonic  acid  taken  in.by  the  leaves  of  different  plants. 

But  at  the  same  time  the  nitrogen  is  set  free.  This  ni- 
trogen will  either  be  again  compounded  in  the  plant  with 
other  elements,  or,  if  not  required  for  its  healthy  growth — 
that  is,  if  more  largely  present  than  is  required  by  the 
plant — it  will  be  directly  emitted  by  the  leaves,  or  sent 
downwards  and  permitted  to  escape  by  the  root.  Hence 
the  reason  why  pure  nitrogen  is  evolved  from  the  leaves  of 
some  plants  (p.  137),  and  why  ammonia  exercises  a  bene- 
ficial action  upon  vegetation,  in  cases  where  all  the  nitrogen 
it  contains  is  neither  retained  nor  required  by  the  plant. 

Does  this  decomposition  necessarily  require  the  agency 
of  light  ]     May  it  not  take  place  in  the  absence  of  the  sun  t 

I  will  mention  one  or  two  facts  which  seem  to  throw 
light  upon  this  point. 

l^'.  Plants  grow  in  the  dark.  -  Though  feeble  and 
blanched  they  increase  largely  in  bulk  i  they  must,  there- 
fore, have  the  power  of  assimilating  their  food  to  a  certain 
extent,  independent  of  the  sun^s  rays. 

2o.  Several  species  of  Poa,  Plantago,  Trifolium  arvense, 
Cheiranthus,  &c.,  become  green  in  the  perpetual  darkness 
of  mines  (Humboldt). 

3o.  When  a  little  hydrogen  is  mixed  with  the  air,  plants 
become  greenish,  even  in  the  dark  (Sennebier) ;  and  when 
exposed  to  the  sun,  the  green  becomes  unusually  intense  in 
such  a  mixture  (Ingenhouss). 

The  immediate  and  visible  effect  of  an  application  of  am- 
monia,  ot  of  «oot,  or  of  any  top  dressing  <^ontalning  atnmo- 
nia*  h  to  Vender  the  green  colour  much  rooreintensei  and  in" 
the  darkest  weather.  It  is  therefore  probable,  I  think,  that 
the  hydrogen  of  the  ammonia  coAtributcrs  to  this  immediate 
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e&ct,  and  that  the  ammonia  itself  may  he  decomposed  and 
its  elemeuts  appropriated  to  the  nourishment  of  the  living 
vegetable,  either  by  the  unaided  vital  powers  of  the  plant, 
or  in  the  presence  of  a  feeble  light  only.  Like  water,  am- 
monia is  peculiarly  liable  to  decomposition,  not  always  of 
that  perfect  kind  which,  for  the  Bake  of  svnvplicily^  I  have 
endeavoured  to  explain  in  the  present  lecture,  yet  such  as 
to  render  the  elements  of  which  it  consists  available  to  the 
general  nourishment  of  the  plant. 

§  7.  Comparative  influence  of  nitric  add,  and  of  ammonia 

in  different  climates. 

It  follows,  from  what  is  above  stated,  that  the  beneficial 
influence  of  ammonia  upon  vegetation  will  be  readily  per- 
ceived in  all  climates  in  which  plants  are  found  to  flourish. 
Its  eflects  will  be  greater  and  more  rapid  where  the  heat 
and  light  are  more  intense — only  because  by  these  agents 
the  functions  of  all  life  are  stimulated. 

Not  BO  with  the  nitric  acid  in  the  nitrates.  In  the  pre- 
sence of  organic  compounds,  that  is,  in  the  sap  of  the  plant, 
it  is  less  easily  decomposed  than  ammonia,  it  requires  the 
interference  of  more  powerful  agents— p-of  a  higher  tempera- 
tare,  or  of  more  brilliant  light, — and  thus  its  efficacy  upon 
veg^tion  will  be  more  dependent  upon  season  and  climate. 

Now,  we  have  seen  that  in  tropical  countries  the  nitrates 
are  produced  in  the  greatest  abundance,  and  there  the  high 
temperature  and  the  brilliant  sun  should  render  them  most 
useful  to  vegetation.  Such  is  well  known  to  be  the  case, 
and  it  may  be  regarded  as  one  of  those  bountiful  adaptations 
with  which  all  nature  is  full-^^that  in  these  warmer  regions, 
the  ammonia  produced  in  the  soil  is  first  converted  into  ni- 
tric acid,  that  it  may  remain  fixed,  and  that  tliis  acid  again 
is  decomposed  by  the  same  agents  (light  and  heat),  when  it 
enters  the  living  plant,  and  is  required  to  minister  to  its 
growth.  On  the  other  hand,  it  may  uq  less  be  regarded  as 
a  wise  provision,  that  in  colder  and  more  uncertain  cli- 
mates, where  warp:^  and  brilliant  summers  are  less  to  be 
depended  upon,  that  compound  of  nitrogen  (ammonia) 
should  more  abound,  wbicli  is  most  easily  decomposed  in 
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the  living  plant,  which  is  fitted  in  comparative  darkness  to 
yield  up  its  nitrogen,  and  by  the  hydrogen  it  contains,  to 
compensate  in  some  slight  degree  for  the  partial  absence  of 
the  sun's  rays. 

From  these  views,  therefore,  we  should  draw  this  further 
practical  conclusion— ^ihat  in  our  climate,  ammonia  is  sure 
to  promote  vegetation,  and  in  every  season,  while  the  ni- 
trates will  produce  their  Tnaximum  effect,  other  things  being 
equal,  in  such  only  as  have  abundant  warmth  and  sunshine. 
Ts  this  conclusion  consistent  with  observation  ]  Will  it 
serve  to  explain  any  of  the  apparent  failures  which  have 
occasionally^been  experiencecl  in  the  employment  of  the 
nitrates  1 

§  8.  Stimulating  injtuence  of  these  compound. 

There  remains  one  other  point  in  regard  to  the  effect  of 
these  two  compounds  upon  vegetation,  to  which  I  would  re- 
quest your  attention.  We  have  seen  that  the  quantity  of 
nitrogen  contained  in  a  crop  raised  by  the  aid  of  farm-yard 
manure,  is  very  much  greater  than  that  which  exists  in  the 
manure  itself,  and  the  views  just  exposed  serve  to  indicate 
the  sources  from  which  the  excess  is  derived.  But  suppose 
that  upon  two  patches  of  ground,  of  equal  quality,  the  one 
of  which  is  manured  and  the  other  not,  equal  quantffies  of 
the  same  seed  be  sown,  it  is  consistent  with  experience-— 
that  the  crop  reaped  from  the  manured  portion  will  not 
only  contain  more  nitrogen  than  that  reaped  from  the  an* 
manured  portion,  but  so  much  more  as  shall  considerably 
exceed  that  contained  in  the  manure  also.  Thus  suppose 
the  crop  raised  from  the  unmanured  land  to  contain  100 
lbs.  of  nitrogen,  and  that  the  manure  laid  on  the  other  por* 
tion  contained  100  lbs.  also,  the  crop  which  is  reaped  from 
this  latter  portion,  in  favourable  seasons,  will  exceed,  and 
probably  very  far  exceed,  200  lbs.  Hence  the  effect  of  the 
ammonia,  &c.,  in  the  farm-yard  manure,  is  not  merely  to 
yield  its  own  nitrogen  to  the  plant,  but  to  enable  it  in  some 
way  hitherto  unexplained,  to  draw  from  other  sources  a 
larger  portion  of  the  same  element  than  it  would  other- 
wise do. 
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So  also  with  the  nitrates.  If  two  equal  portions  of  the 
same  grass  or  corn-field,  in  early  spring,  be  measured  off» 
and  one  of  them  be  top-dressed  with  nitrate  of  soda  or  with 
saltpetre,  the  weight  of  nitrogen  contained  in  the  crop  of 
hay  or  com  reaped  from  the  latter,  will  generally  be  found 
to  exceed  that  contained  in  the  crop  from  the  former,  by  a 
quantity  much  greater  than  that  which  was  present  in  the 
nitrate  with  which  the  land  was  dressed.*  In  addition, 
therefore,  to  the  nitrogen  directly  conveyed  to  the  plant  by 
these  nitrates,  they  also  exercise  some  other  influence,  by 
which  they  enable  the  living  vegetable  to  draw  from  natu- 

*  The  followiog^  calrulationB  il]iittrate  the  statement  in  the  text :— -Mr* 
Gray,  of  Dilflton,t  applied  nitrate  of  soda  to  grast  land  in  the  proportion  of 
112  lbs.  to  the  acre. 

The  produce  without  nitrate  amounted  to  2  tons     81  stones 
'*         "  with  112  lbs.  of  nitrate  to  3  tons  146  stones 

Increase,       1  ton    65  stone* 
or  3150  lbs. 
And  3150-1-112  a»28|  lbs.  the  increase  of  hay  from  each  pound  of  nitrate  of 
soda.t    But  allowing  this  hay  to  contain  only  1  per  cent,  of  nitrogen,  28  lbs. 
will  contain  4|  ounces  of  nitrogen,  which  is  neerly  double  the  quantity  actu- 
ally present  in  the  nitrate  employed. 

'  Again,  in  the  case  of  a  crop  of  grain — Mr.  Hyett  applied  nitrate  of  soda 
to  a  field  of  wheat,  and  compared  the  produce  with  that  from  an  equal  por- 
tion to  which  no  top-dressing  was  applied. 

CORIf.  STRAW. 

Bosh.   pks.   pts.  Cwt.    qrs.  lbs. 

Nitnted    .         .      43      2       11  31      3      3 

Without  nitrate         33      2        6  23       1    21 


Excess,       10      0        5  8      0    10 

Calculating  the  bushel  of  com  at  60  lbs.,  the  excess  of  com  amounted  to 
600  lbs.,  containing  24|  per  cent,  or  147  lbs.  of  gluten-and  albumen.  The 
nitrogen  in  these  substances,  when  properly  dried,  is  from  15  to  17  per  cenC 
If  we  suppose  the  gluten  not  to  have  been  quite  dry,  and  allow  only  14  per 
eent.  of  nitrogen,  147  lbs.  would  contain  204  Ihs.  of  this  element. 

But  the  nitrated  corn  contained  5  per  cent,  more  gluten  and  albumen  than 

[t  See  Journal  of  Royal  English  Agricultural  Society.  ]  « 

[I  Dry  nitrate  of  soda  contains  about  IG^  per  cent,  of  nitrogen,  being  19 
lbs.  to  the  cwt.,  or  two  and  three-£fth  ounces  to  the  pound ;  but  aa  it  ia  um»- 
ally  applied,  it  contains  from  5  to  10  per  cent,  of  water.  The  nitrogen,  thera- 
fora,  nwy  be  eatinrated  at  2|  ovnoea  in  the  pound.] 
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ral  sources  a  much  larger  supply  than  they  would  other- 
wise be  capable  of  doing.  What  is  this  influence,  and  how 
is  it  explained  ? 

This  I  suppose  to  be  that  kind  of  influence  to  which  wri- 
ters on  agriculture  are  in  the  habit  of  alluding,  when  they 
speak  of  certain  substances  stimulating  plants,  or  acting  as 
stimulants  to  their  growth,  though  the  term  itself  conveys 
to  the  mind  no  distinct  idea  of  the  mode  of  operation  in- 
tended to  be  indicated— of  the  way  in  which  the  eflect  is 
produced. . 

In  the  present  case,  this  special  action  of  ammonia  and 
the  nitrates,  and  perhaps  also  of  immediate  applications  of 
maiture  in  general,  appears  to  arise  from  their  afibrding  to 
the  plant,  in  its  early  youth,  a  copious  supply  of  nitrogenous 
food,  by  which  it  is  enabled  at  once  to  shoot  out  in  a  more 
healthy  and  vigorous  manner.  It  thrusts  forth  the  roots  in 
greater  numbers,  and  to  greater  distances,  and  is  thus 
enabled  to  extract  nourishment  from  a  greater  extent  and 
depth  of  soil  than  is  ever  reached  by  the  sickly  plant-^it 
expands  larger  and  more  numerous  leaves,  and  thus  can 
extract  from  the  air  more  of  every  thing  it  contains  which 

the  UD-nitreted,  which  in  33  hushels  (2000  lbs.)  gives  100  lbs.  of  gluten  in 
exceM,  containing  14  lbs.  of  nitrogen. 

And  8  cwt.  of  straw  (900  lbs.)  contained  one-third  of  a  per  cent,  of  nlCro> 
gen*,  or  in  all  3  lbs. 

Therefore  the  quantity  of  nitrogen  present  in  the  nitrated  crop  above  that 
in  the  uo-nitrated  was  as  follows : 

Nitrogen. 
1**.  In  600  lbs.  of  wheat  at  34^  per  cent,  of  gluten         .         20|  lbs. 
2**.  In  2000  lbs.  of  wheat  at  5  per  cent,  of  gluten  contained 

in  excess        •  .  .  .         .    14     lbs. 

3^.  In  900  lbs.  of  straw  at  one-third  per  cent.  .        .     3    lbs. 

Total  nitrogen  .         :=  37}  lbs. 

But  the  nitrogen  in  1  cwt.  of  dry  nitrate  of  soda,  as  already  stated,  is  only 
19  lbs.  or  little  more  than  half  the  quantity,  which  in  consequence  of  the 
presence  and  action  of  the  nitrate  the  wheat  was  enabled  to  obtain  and  ap- 
propriate ^ove  the  quantity  appropriated  by  the  wheat  in  the  un-nitrated 
part  of  the  field. 

It  requires  no  further  proof,  therefore,  to  show  that  the  nitrate  ofwda  and 
the  uUratet  mutt  act  in  some  other  way  in  reference  to  vegetation^  th^n 
hy  eimply  supplying  a  portion  of  nitrogen. 

[*  Boussingault.] 
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is  fitted  to  supply  the  wants  of  the  living  vegetable  ;  aa 
the  stout  and  healthy  savage  can  hant  and  fish  to  support 
many  lives,  while  the  feeble  or  sickly  can  scarcely  secure 
sustenance  for  himself  alone.  Feed  a  wild  animal  well  the 
first  few  months  of  its  life,  and  you  may  set  it  loose  to  prey 
for  itself;  starve  it  in  its  infancy,  and  its  growth  and 
strength  will  be  stunted,  and  it  may  lead  a  wretched  and 
hungry  life. 

Even  in  soils,  then,  and  situations,  which  are  capable  of 
yielding  to  the  plant  every  thing  it  may  require  for  its  or- 
dinary growth,  it  is  an  important  object  of  the  art  of  hu^ 
bandry  to  discover  what  substances  are  especially  tuce^Mtfy 
or  grateful  to  particular  crops,  and  to  apply  these  directly, 
and  in  abundance^  to  the  new-born  plant — in  order  that  it 
may  acquire  sufficient  strength  to  be  able  to  avail  itself  in 
the  greatest  degree  of  the  stores  of  food  which  lie  vrithin 
its  reach. 

Concluding   observations  regarding  the   arganie 

constituents  qfjtlants* 

We  have  now  considered  the  most  important  of  those 
questions  cotinected  with  the  organic  elements  of  plants, 
which  are  directly  interesting  to  the  practical  agriculturist. 
We  have  seen — 

1^.  That  all  vegetable  productions  consbt  of  two  parts*-— 
one  the  organic  part,  which  is  capable  of  being  burned 
away  in  the  air — the  other,  the  inorganic  part,  which  re- 
mains behind  in  the  form  of  ash. 

2o,  That  this  organic  part  consists  of  carbon,  hydrogen, 
oxygen,  and  nitrogen  only. 

30.  That  plants  derive  the  greater  part  of  their  carbon 
from  carbonic  acid,  of  their  hydrogen  and  oxygen  from 
water,  and  of  their  nitrogen  from  ammonia  and  nitric  acid. 

4^.  That  by  far  the  largest  portion  of  those  substances 
which  form  the  principal  mass  of  plants,  such  as  starch  and 
woody  fibre,  consists  of  carbon  united  to  oxygen  and  hy- 
drogen in  the  proportions  in  which  they  exist  in  wat^r,-— 
or,  in  other  words,  may  be  represented  by  carbon  and 
water  in  various  proportions. 

22 


Si»4  eOMOLUOINO  OMBftTATIOlfS. 

6^.  That  the  food  on  whieh  they  lire  eotets  by  the  roots 
and  leaTOB  of  plants, — that  the  leaves  under  the  infloenee 
of  the  sun,  decompose  the  carbonic  acid,  give  off  its  oxy- 
gen, and  retain  its  carbon,— «nd  that  this  carbon,  uniting 
with  the  elements  of  water  in  the  sap,  forms  those  serarai 
eoopoinids  of  which  plants  diiefly  consist. 

6^.  That  the  supply  of  carbonic  acid  in  the  atmosphere 
is  kept  up  partly  by  the  respiratiou  of  animals,  partly  by  the 
natural  decay  of  dead  Tegetable  matter,  and  partly  by  com- 
bastion.  That  ammonia  is  su  pplied  to  plants  chiefly  by  the 
natucal  decay  of  aniasal  and  vegetable  sttbstances---aiul 
Bifcrio  acid  partly  by  the  natural  oxidation  of  dead  organic 
matter,  and  partly  by  the  direct  union  of  oxygen  and  nitro- 
gen, through  the  agency  of  the  atmospheric  electricity. 
•  70.  That  while  both  of  these  compounds  yield  nitrogen 
to  plants,  they  each  exhibit  a  special  action  on  vegetaole 
life,  in  virtue  of  the  hydrogen  and  oxygen  they  respectively 
contaiii — and  exercise  also  a  so-called  itimtdating  power, 
by  which  plants  are  induced  or  enabled  to  appropriate  to 
themselves,  from  other  natural  sources,  a  larger  portion  of 
all  their  constituent  elements  than  they  could  otherwise 
obtain  or  assimilate. 

In  illustrating  these  several  points,  it  has  been  necessary 
to  enter  occasioaaUy  into  details  which,  to  those  who  have 
heard  or  mav  read  only  the  later  lectures,  may  not  be  al- 
together intelligible.  1  am  not  aware,  however,  of  having 
introduced  any  Uiing  of  which  the  full  sense  will  not  ap- 
pear on  a  reference  to  the  statements  by  which  it  is  pie- 
ceded. 

We  are  now  to  consider  the  inorganic  constituents  of 
plants,"— their  nature, — the  source  (the  soil)  from  which 
they  are  derived,-— their  uses  in  the  vegetable  and  animal 
economy,-— how  the  supply  of  these  substances  is  kept  up  in 
nature,-— and  how,  in  practical  husbandry,  the  want  of  them 
may  be  at  once  ejficacioudy  and  economically  supplied  by 
art.  This  division  of  our  subject,  though  requiring  a  pre- 
vious knowledge  of  the  principles  discussed  in  the  foregoing 
lectoresi  will  be  more  essentially  of  a  practical  nature,  and 
will  lead  ua  to  consider  and  illustrate  the  great  leading  prii^ 
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ciple  by  which  the  practical  agricultarist  ought  to  be  guided 
in  the  cultivation  and  improYement  of  hit  land. 

We  shall  here  also  find  much  light  thrown  upon  our  path 
by  the  reanlta  of  geological  inquiry ;  and  it  is  in  the  consi* 
derations  I  am  now  about  to  briog  before  you»  that  I  shall 
have  to  direct  your  attention  most  especially  to  the  princi- 
pal applications  of  Geology  to  Agriculture. 
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9«rt  XX. 


ON  THE  mOROANtC  ELEMENTS  OF  PLANTS. 


LECTURE  IX. 

Inomnic  consthoents  of  vegetable  substances.  kelatiTe  proportions 
oforganic  and  inomanic  matter  in  plants.  Unlike  proportions  in  on- 
like  species.  Kind  of  inov^^anic  matter  which  ezisis  in  different  qpe- 
cies.  Nature  and  properties  of  the  seTcral  inorgamc  elementarjr 
bodies  found  in'  plants. 

Thb  consideration  of  the  tnbr^ahte  constituents  6Y  plants  is 
no  less  important  to  the  art  of  culture  than  the  study  of  their 
organic  elen^ents,  trhich'has  engaged  our  sole  attention  in 
the  preceding  patt'of  these  lectures,' 

It  has  already  been  shewn  that  when  vegetable  substances 
are  heated  to^  r^dbiess  hi  the  air,  the  whole  of  the  so-called 
organic  elemlBntti— K^arbon,  hydrogen,  oxygen,  and  nitrogen 
— are  burned  away  and  disappear ;  while  there  remains  behind 
9i  fixed  porti(^n,' cominonFy  called  the  ash,  which  does  not 
burn,  and  which  ill  most  cases  undergoes  no  diminution 
when  exposed  to  a  red  heatJ  This  ash  constitutes  the  inor^ 
^ofttc  portion^  of  plants.' 

The  organic  or  combustible  part  of  plaiits  constitutes,  ^n 
general,  froto  88  to  99  per  cent,  of  their  whole  wdght,  even 
after  they  ar^  dried.  Hence  the  quaiitity  of  ash  left  by  Vege- 
table  subetande^  in  the  green  state,  is  often  exceedingly  small. 
It  therefore  long  appeared  to  many,  that  the  inorganic  mat- 
ter could  be  of  no  essential  or  vital  consequence  to  the  plant 
— ^that  being,  without  doubt,  derived  from  the  soil,  it  was  only 
accidentally  pre8ent,-^-«nd  that  it  might  or  might  not  be  con- 
tained in  the  jdtces  and  solid  parts  of  the  living  vegetable, 
without  materially  affecting  either  its  growth  or  its  lux- 
uriance. 

Were  this  the  case,  however,  the  quantity  and  quality  of 
the  ash  left  by  the  same  plant  should  vary  with  the  soil  in 
which  it  grew.  If  one  soil  contained  much  lime,  another 
much  magnesia,  and  a  third  much  potash,  whatever  plant  was 
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grown  upon  these  several  soils  should  also  coDtain  in  greatest 
abundance  the  liDie,  the  magnesia,  or  the  potash,  which 
abounded  in  each  locahty — and  the  nature,  at  least,  of  the 
ash,  if  not  its  proportion,  should  be  nearly  the  same  in 
every  kind  of  plant  which  is  grown  upon  the  same  soil. 

Careful  and  repeated  experiments,  however,  have  sbewn^ 

1^.  That  on  whatever  soil  a  plant  is  grown,  if  it  shoots  up 
in  a  healthy  manner  and  fairly  ripens  its  seed,  the  quantity 
and  quality  of  the  ash  is  nearly  the  same ;  and 

2°.  That  though  grown  on  the  same  soil,  the  quantity 
and  quality  of  the  ash  left  by  no  two  species  of  plants  is  the 
same— and  that  the  ash  differs  the  more  widely  in  these  re* 
spects,  the  more  remote  the  natural  affinities  of  the  several 
plants  from  which  it  may  have  been  derived. 

Hence  there  is  no  longer  any  doubt  that  the  inorganic  con- 
stituents contained  in  the  ash  are  really  essential  parts  of 
the  substance  of  plants, — ^that  they  cannot  live  a  healthy  life 
or  perfect  all  their  parts  without  them,-'-*and  that  it  is  as 
much  the  duty  of  the  husbandman  to  supply  these  inorganic 
substances  when  they  are  wanting  in  the  soil,  as  it  has  al- 
ways been  considered  his  peculiar  care  to  place  within  the 
reach  of  the  growing  plant  those  decaying  vegetable  matters, 
which  are  most  likely  to  supply  it  with  organic  food. 

For  the  full  establishment  of  this  fact,  we  are  4ndebted  to 
Sprengel.  Others,  as  de  Saussure,  have  published  many  im- 
portant and  very  useful  analyses  of  the  inorganic  matters 
left  by  phints,  but  for  the  illustration  of  the  important  prac- 
tical bearing  of  this  knowledge  of  their  inorganic  constitu- 
ents on  the  ordinary  processes  of  agriculture,  we  are,  I  be- 
lieve, in  a  great  measure  indebted  to  the  writings  and  nu- 
merous analytical  researches  of  Sprengel. 

It  is  difficult  to  conceive  the  extent  to  which  the  admission 
of  the  essential  nature  and  constant  quality  of  the  inorganic 
matter  contained  in  plants,  must  necessarily  modify  our  no- 
tions and  regulate  our  practice  in  every  branch  of  agriculture. 
It  establishes  a  clear  relation  between  the  kind  and  quality  of 
the  crop,  and  the  nature  and  chemical  composition  of  the  soil 
in  which  it  grows— it  demonstrates  what  soils  ought  to  con- 
tain, and,  therefore,  how  they  are  to  be  improved — it  explains 
the  effect  of  some  manures  in  permanently  fertilizing,  and 
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of  some  crops  in  permanently  impoverishing  the  soil — it 
illustrates  the  action  of  mineral  substances  upon  tho  plan^y 
and  shews  how  it  may  be^  and  really  is,  in  a  certain  mea- 
sure, fed  by  the  dead  earth :— over  nearly  all  the  operations 
of  agriculture,  indeed,  it  throws  a  new  and  unexpectcjd 
light.  Of  this,  I  am  confident,  you  will  be  fully  satisfied 
when  I  shall  have  discussed  the  various  topics  I  am  to 
bring  before  you  in  the  present  part  of  my  lectures. 

^\.  Of  ike  relaiive  proportions  of  inorganic  matter  in  difer- 

ent  vegetable  substances. 

As  above  stated,  the  inorganic  matter  contained  in  difier- 
ent  vegetable  productions  varies  from  1  to  12  per  cent,  of 
their  whole  weight.  The  following  table  exhibits  the 
weight  of  ash  left  by  100  lbs.  of  the  more  commonly  culti- 
vated plants — according  to  the  analyses  of  Bprengel*  : — 


Grain  of      .  Per  d 

Undned. 

Dried  in  air.t 

Wheat  . 

Rye 

Barley  . 

Do.  dried  at  212 

Oats 

Field  Beans  . 

Peas    . 

1-18  lbs. 
1-04    - 
2-35 
2^52  1. 
2-58 
214 
2^46     ; 

Potato 
Turnip     . 

Do.    white    . 
Carrot 
Parsnip    . 
Leaf  of  Potato. 

—  Turnip 

—  do.  white 

CaiTot 

Parsnip 

0-83  lbs. 
0-63 
0-8  J. 
0-66 
.0-82 

1-8 

218  J. 
1-98 
300 
a53 

2-65  lbs. 
7-05 

5-09 

434 

4-79 

3  -91 

10-43 

1676 
7-55 

Dry  straw  of 

t 

Per  cL 

Wheat  . 

Oats 

Barley   . 

Rye 

Beans    .        f 

Peas 

3-51  lbs. 

5-74 

5-24 

^•79 

312 

497 

Lucerne   . 
Red  Clover 
White  Clover  . 
Rye  Grass 

Green. 

In  hay. 

2-58  lbs. 
1-57 
1-74 
1-69 

9-65  lbs. 
7-48 
913 
53 

*  Ckemitj  vol.  ii.,  passim. 

t  Of  the  substances  in  this  column  the  potato  lost  by  drying  in  the 
air  69  per  ct.  of  water,  the  turnip  91,  the  carrot  87,  the  turnip  leaf  86, 
Che  carrot  leaf,  the  parsnip,  and  the  parsnip  leaf,  each  81,  and  the  cab- 
bage leaf  93  per  cent 

23* 
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Id  the  f>arU  of  trees  dried  in  Ihe  air  there  are  found  of 
inorganic  matter — 


In  the 

Wood. 

Lkayes. 

In  the 

Wood. 

Leaves. 

Elm     .    . 
Willow   . 
Poplar 
Beech .    . 

1'88 
045 
1-97 
0^36 

11.8 
8-23 
933 
6-69 

1 

Oak 

Birch      .... 
Pitch  pine  .    .    . 
Common  iiirae    . 

0.31 
0.34 
0.35 
0.83 

4  5 
5-0 
315 
31  J 

In  looking  at  the  preceding  tables,  yoa  cannot  fail  to  be 
struck  with  one  or  two  points,  which  they  place  in  a  very 
clear  light. 

!<>•  That  the  quantity  of  inorganic  matter  contained  in 
the  same  weight  of  the  different  crops  we  raise,  or  of  the 
different  kinds  of  vegetable  food  we  eat,  or  with  which  our 
cattle  are  fed,  b  very  unlike.  Thus  100  lbs.  of  barley,  or 
oats,  or  peas,  contain  twice  as  much  Inorganic  (earthy  and 
saline  matter  th|kt  is)  as  an  equal  weight  of  wheat  or  rye— ^ 
and  the  same  is  the  case  with  lucerne  and  white  clover  hays, 
compared  with  the  hay  of  rye  qxbss. 

2°,  The  quantity  contained  in  different  parts  of  the  same 
plant  is  equally  unlike.  Thus  100  lbs.  of  the  grain  of  wheat 
leave  only  1|  lbs.  of  ash,  while  100  lbs.  of  wheat  straw 
leave  S^  lbs.  So  the  dry  bulb  of  the  turnip  gives  only  7 
per  cent.,  while  the  dry  leaf  leaves  13  per  cent,  of  ash  when 
it  is  burned.  The  dry  leaves  of  thte  parsnip  also  contain 
nearly  16  per  cent.,  though  in  its  root^  when  sliced  and  dried 
in  the  air,  there  are  only  4^  per  cent,  of  inorganic  matter. 

In  trees  the  same  fact  is  observed.  The  wood  of  the  elm 
contains  less  than  2  per  cent.,  while  its  leaves  contain  nearly 
12  per  cent. ; — the  wood  of  the  oak  leaves  only  |th  of  a  per 
cent.,  while  from  its  leaves  4^  per  cent,  or  22  times  as  much 
are  obtained.  The  leaves  of  the  willow  and  of  the  beech  also 
contain  about  twenty  times  as  much  as  the  wood  of  these  trees 
does,  whon  it  has  been  dried  under  the  same  conditions. 

These  differences  cannot  be  the  result  of  accident.  They 
are  constant  on  every  soil,  and  in  every  climate ;  they  must, 
therefore,  have  their  origin  in  some  natural  law.  Plants  of 
different  species  must  draw  from  the  soil  that  proportion  of 
inorganic  matter,  which  is  adapted  to  the  constitution,  and  is 


IT    KV8T  BB   FAST  OFTRBtB   FOOD.  M8 

fitted  to  supply 'the  wants  of  each  ;— while  of  that  which  has 
been  admitted  hy  the  roots'into  the  general  circulation  of  the 
plant,  so  much  teuM  proceed  to  and  be  appropriated  by  each 
part,  as  is  suited  to  the  fonctiions  it  is  destined  to  discharge. 
And  as  from  the  same  soil  different  plants  select  different 
quantities  of  saline  and  earthy  matter,  so  from  the  same  com- 
mon sap' do  the' bark,  the  leaf,  the  wood  and  the  seed,  select 
and  retain  that  proportion  which  the  healthy  growth  and  de- 
velopment of  each  requires.  It  is  with  the  inorganic,  as  with 
the  organic  food  of  plants.  Some  draw  more  from  the  soil, 
some  less,  and  of  that  which  circulates  in  the  sap,  only  a 
small  portion  is  expended  in  the  production  of  the  flower, 
though  much  is  employed  in  formia^  the  stem  and  the  kaTCi. 
On  the  subject  of  the  present  section,  I  shall  add  two  other 
observations* 

1^.  from  the  constant  presence  of  this  inorganic  matter 
in  plants,  and  from  its  being  always  found  in  nearly  the  same 
proportion  in  the  same  species  of  plants, — a  doubt  can  hf^rdly 
remain  that  it  is  an  essential  part  of  their  substance,  and  that 
they  cannot  live  and  thrive  without  it.  But  that  it  really  is 
so,  is  placed  beyond  a  doubt,  by  the  further  experimental 
fact,  that  if  a  healthy  young  plant  be  placed  in  circumstan- 
ces where  it  cannot  obtain  this  inorganic  matter,  it  droops, 
pines,  and  dies. 

2°.  But  if  it  be  really  essential  ta  their  growth,  this  inor- 
ganic matter  must  be  considered  as  part  of  the  food  of 
plants ;  and  we  may  as  correctly  speak  of  feeding  or  supply- 
ing food  to  plants,  when  we  add  earthy  and  mineral  substaq- 
ces  to  the  soil,  as  when  we  mix  with  it  a  supply  of  rich  com- 
post, or  of  well  fermented  farm-yard  manure. 

I  introduce  this  observation  for  the  purpose  of  correcting 
an  erroneous  impressiqp  entertained  by  many  practical  men 
in  regard  to  the  way  in  which  mineral  substances  act  when 
applied  to  the  soil.  By  the  term  manure  they  generally  de- 
signate such  substances  as  they  believe  to  be  capable  of  feed" 
ing  the  plant,  and  hence  reject  mineral  substances,  such  as 
gypsum,  nitrate  of  soda,  and  generally  lime,  from  the  list  of 
manures  properly  so  called.  And  as  the  influence  of  these 
substances  on  vegetation  is  undisputed,  they  are  not  unfre- 
quently  considered  BMSttmuLanii  only. 
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Yet  if,  as  I  believe,  the  use  of  a  wrong  term  is  often  con- 
nected with  the  prevalence  of  a  wrong  opinion^  and  may  lead 
to  grave  errors  in  practice  ;-*4  may  be  pernuttcd  to  press 
upon  your  consideration  the  fact  above  stated — 1  may  almost 
say  demonstrated — that  plants  do  feed  upon  dead  unorgan- 
ized mineral  matter,  and  that  you  are,  therefore,  really  man- 
uring your  soil,  and  permanently  improving  it,  t^hen  yoa 
add  to  it  such  substances  of  a  proper  kind. 

§  2.  Cfike  kind  pf  inorganic  maiUr found  inplanU. 

I  have  said  above,  &f  a  proper  kind — ^for  it  is  not  a  matter 
of  indifference  to  a  plant,  what  kind  of  earthy  or  saline  matter 
it  takes  in  by  its  roots.  Each  species  of  plant,  we  have  seen, 
withdraws  from  the  soil  a  quantity  of  inorganic  matter,  which 
is  peculiar  to  itself,  and  which,  as  a  whole,  is  nearly  constant. 

So  also  each  species,  in  selecting  for  itself  a  nearly  constant 
weight  of  inorganic  matter,  while  it  chooses  generally  the 
same  kind  of  saline  and  earthy  ingredients  as  other  plants  do^ 
to  make  up  this  weight,  yet  picks  them  ont  in  proportUmspe* 
euliar  to  itself  Thus  for  example,  lime  is  present  in  the  ash 
of  nearly  all  plants,  but  while  100  lbs.  of  the  ash  of  wheat 
contain  8  pounds  of  lime,  the  same  weight  of  the  ash  of  bar- 
ley contains  only  4^  lbs.  So  also  potash  is  contained  in  the 
ash  of  most  plants  grown  for  food,  but  in  the  ash  of  the  tur- 
nip, there  are  87^  per  cent,  of  potash,  while  in  that  of  wheat 
there  are  only  19  per  cent.  Again,  in  different  parts  of  the 
same  plant,  a  like  difference  prevails.  The  ash  of  the  tur- 
nip bulb  contains  16^  per  cent,  of  soda,  that  of  the  leaf, 
little  more  than  12  per  cent.  On  the  other  hand,  the  lime 
in  that  from  the  bulb  constitutes  less  than  12  per  cent,  of 
its  weight,  while  in  that  of  the  leaf  it  amounts  to  upwards  of 
84  per  cent. 

These  relative  proportions  among  the  different  kinds  of  in- 
organic matter  contained  in  the  ash  of  plants — like  the  whole 
weight  itself  of  the  ash — ^is  nearly  constant  in  the  same  spe- 
cies, and  in  the  same  part  of  a  plant,  when  it  is  grown  in  a 
propitious  soil.  It  is  not,  therefore,  as  I  have  already  said,  a 
matter  of  indifference  to  the  living  vegetable,  whether  it 
meets  with  this  or  with  that  kind  of  inorgainc  matter  in  the 
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land  on  which  it  grows — whether  its  roots  are  supplied  with 
lime,  or  with  potash,  or  with  soda.  The  toil  must  contain  oU 
these  substances^  and  in^uch  quantity  as  easUy  to  yield  to  the 
crop  so  much  of  ea^h,  as  the  kind  of  plant  specially  requires* 
And  if  one  of  these  necessary  inorganic  forms  of  matter  be 
rare  or  wholly  absent,  the  crop  will  as  certainly  prove  sick- 
ly or  entirely  fail,  as  if  the  organic  food  supplied  by  the  vege- 
table matter  of  the  soil  were  wholly  withdrawn.  It  is,  there- 
fore, as  much  the  end  of  an  enlightened  agricultural  prac- 
tice to  provide  for  the  various  requirements  of  each  crop  in 
regard  to  inorganic  food,  as  it  is  to  endeavour  to  enrich  the 
land  with  purely  vegetable  substances. 

Since,  also,  as  above  shewn,  not  only  the  relative  quanti- 
ty of  inorganic  matter,  but  its  kind  or  quality,  likewise,  is 
different  in  different  plants, — it  may  be,  that  a  soil  on  which 
one  crop  cannot  attain  to  maturity  may  yet  sorely  and  com- 
pletely ripen  another — a  fact  which  is  proved  by  every-day 
experience.  The  soil,  which  is  unable  to  supply  with  suffi- 
cient speed  all  the  lime  or  the  potash  required  for  one  crop^ 
may  yet  easily  meet  the  demands  of  another,  and  afford  an 
ample  return  to  the  husbandman  when  the  time  of  harvest 
comes.* 

•  On  the  same  principle  also,  some  of  the  interesting^  fiicts  eonnectod 
with  the  grailing  of  trees  are  susceptible  of  a  saticfactory  explanation. 

The  root  of  a  tree  selects  from  the  soil  the  kind  and  quantity  of  inofw 
ffanic  matter  which  are  required  for  the  healthy  maturity  of  its  own  parts. 
Any  other  tree  may  be  grafted  on  it,  which  m  its  natural  state  requires 
the  same  kind  of  inor^^ic  matters  in  nearly  the  same  proportion.  This 
is  the  case  generally  with  varieties  of  the  same  species — more  rarely  with 
trees  or  plants  of  diiTerent  species — and  least  frequently  with  such  asb6* 
long  to  oifTerent  genera.  The  lemon  may  be  erafled  on  the  orange,  be- 
cause the  sap  of  die  latter  contains  all  the  earthy  and  saline  substances 
which  the  former  requires,  and  can  supply  them  in  sufficient  quantity 
to  the  engrafted  twig.  But  the  fig  or  tne  graoe  would  not  flourisn  or  ri- 
pen fniit  on  the  same  stock — because  these  fruits  require  other  substan- 
ces tlian  the  root  of  the  orange  cares  to  extract  from  the  soil,  or  in  greater 
quantity  than  the  sap  of  the  orange  can  supply  them. 

It  is  not  for  want  of  organic  food,  for  of  this  the  sap  of  nearly  all 
plants  is  full — and  we  Kave  seen  ia  our  previous  lectures,  how  As 
sugar  of  the  fig,  the  tartaric  acid  of  the  grape,  and  the  citric  acid  of  the 
lemon,  may  all  be  produced  by  natural  processes  from  the  same  cpm- 
mon  organic  food.    When  we  plant  a  tree  or  sow  a  crop  on  a  soil 
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noway  afiect  the  progress  of  vegetable  growth,  or  require 
to  occupy  the  attention  of  the  practical  agriculturist, 

2*^.  'i'hcy  all,  however,  exist  in  nature  more  or  lessabun* 
dantly  in  a  state  of  combination*  with  other  substances,  and 
chiefly  with  oxygen — but  in  no  state  of  combination- are  they 
known  to  be  generally  diffused  through  the  atihosphere  of 
the  globe,  so  as  to  be  capable  of  entering  phints  by  their 
leaves  or  other  superior  parts.  They  roust  all,  therefore, 
enter  by  the  roots  of  p]ants,-*must  consequently  exist  in 
the  land, — and  must  all  be  necessary  constituents  of  that 
soil  in  which  the  plants  that  contain  them  grow. 

It  will  not  be  necessary,  therefore,  to  consider  so  much  the 
relative  proportions  in  which  these  elementary  bodies  them- 
selves exist  in  plants,  as  that  of  the  several  chemical  com- 
pounds which  they  form  with  oxygen,  or  with  one  another — 
in  which  states  of  combination  they  exist  in  the  soil,  and 
are  found  in  the  circulation  and  substance  of  the  plant.  As 
a  preliminary  to  this  enquiry,  however,  it  will  be  proper  to 
lay  before  you, «  brief  outline  of  the  nature  and  properties 
of  these  compound  bodies  themselves — and  of  the  direct  in- 
fli^nce.  they  have  been  found  to  exercise  upon  vegetable  life. 


§  4.  Of  those  compound*  of  the  inorganic  elements  which 
ter  directly  into  the  cvrcukuion^  or  exist  in  ihe  substance 
andash  of  plants* 
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CKhrine.  If  a  mixture  of  common  salt  and  black  oxide 
of  manganesef  be  put  into  a  flask  or  bottle  of  colourless  glassi 
and  sulphuric  acid  (oil  of  vitriol)  be  poured  iipon  it,  a  gas  of  a 
greenish-yellow  colour  will  be  given  off,  and  will  gradeally  fill 
the  bottle.  This  gas  is  distinguished  by  the  nanle  of  chh^ 
vine. 

It  is  readily  distinguished  from  all  other  substances  by  its 
ffreenish-yellow  colour,  and  its  pungent  disagreeable  smell. 
It  extinguishes  a '  lighted  tapei^,  but  phosphorus,  gold  leaf, 
metallic  potassium  and  sodium,  and  many  other  metals,  take 

•  For  an  explanation  of  the  meaniog  and  of  the  laws  of  chemical 
eombinatiQn,  see  Lecture  Il.«  p..  37. 
t  Sold  by  this  name  in  the  shops. 
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fire  IB  it  and  burn  of  their  own  accord.  It  ia  neariy  4^ 
times  heavier  than  common  air,  and  therefore  may  be 
readily  poured  from  one  vessel  to  another.  Water  absorbs 
twice  its  own  bulk  of  the  gas,  acquiring  its  colour,  smell, 
and  disagreeable  astringent  taste. 

Animals  cannot  breathe  it  without  suffocation— and,  when 
unmixed  with  air,  it  speedily  kills  all  living  vegetables. 
The  solution  of  chlorine  in  water  was  found  by  Davy  to 
promote  the  germination  of  seeds. 

It  does  not  exist,  and  is  rarely  evolved,*  in  nature  in  a 
free  or  uncmnbined  s^te,  and  therefore  is  not  known  to 
exercise  any  direct  action  upon  the  general  vegetation  of 
the  globe.  It  exists  largely,  however,  in  common  salt 
(chloride  of  sodium),  every  100  lbs.  oi  this  substance  coo* 
taining  upwards  of  60  lbs.  of  chlorine.  Indirectly,  there* 
fore^  it  may  be  supposed  to  influence,  in  some  degree,  the 
growth  of  plants,  where  common  salt  exists  naturally  in  the 
soil,  or  is  artificially  applied  in  any  form  to  the  land. 

Muriaiic  octd,  the  spirit  of  salt  of  the  shops,  consists  of 
chlorine  in  combination  with  hydrogen.  It  is  a  gas  at  the 
ordinary  temperature  of  the  atmosphere,  but  water  absorbs 
between  400  and  500  times  its  bulk  of  it,  and  the  acid  of 
the  shops  is  such  a  solution  in  water,  of  greater  or  leas 
strength. 

Muriatic  acid  has  an  exceedingly  sour  taste,  corrodes  the 
skin,  and  in  its  undiluted  state  is  poisonous  both  to  animals 
and  plants.  It  dissolves  common  pearl  ash,  soda,  magnesia, 
and  limestone,  with  effervescence;  and  readily  dimolves 
also,  and  combines  with,  many  earthy  substances  which  are 
contained  in  the  soil. 

When  applied  to  living  vegetables  in  the  state  of  an  ex* 
ceedingly  dilute  solution  in  water,  it  has  been  supposed  upon 
some  soils,  and  in  some  circumstances,  to  be  favourable  to 
vegetation.  Long  experience,  however,  on  the  banks  of 
the  Tyne,  and  elMwhere,  in  the  neighbourhood  of  the  so- 
called  alkalif  works,  has  proved  that  in  the  state  of  vapour 

•  SeeLeetore  y.,p.  136. 

t  la  thete  woiki  caifoonate  of  loda  (the  eounom  soda  of  the  akops) 
and  solphate  of  loda  (glaober  ealt)  are  manufiictaied  firom  ff^manOTi 
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its  repeated  application,  even  when  diluted  with  much  air, 
is  in  many  cases  fatal  to  vegetable  life. 

Poured  in  a  liquid  state  upon/aZ^oto  land,  or  land  prepar* 
ing  for  a  crop,  it  may  assist  the  growth  of  the  future  grain, 
by  previously  forming,  with  the  ingredients  of  the  soiL  some 
of  those  compounds  which  have  been  occasionally  applied 
as  manures,  and  which  we  shall  consider  hereafter. 

Chlorine  is  represented  by  CI,  and  muriatic  acid  by  HCL 

n. ^IODINE. 

'  Iodine  is  a  solid  substance  of  a  Ici^d  grey  colour,  which, 
when  heated,  is  converted  into  a  beautiful  violet  vapour.  It 
exists  in  combination  chiefly  with  sodium,  as  Iodide  of  Sodu 
unif  in  sea  water  and  in  marine  plants ;  but  it  has  not  hither- 
to  been  detected  in  any  of  the  crops  usually  raised  for  food* 

Like  chlorine,  it  is  poisonous  both  to  animals  and  plants ; 
and  was  found  by  Davy  to  assist  and  hasten  germination. 
It  may  possibly  exert  some  hitherto  unobserved  influence 
upon  vegetation,  when  it  is  applied  to  the  soil  in  districts 
where  sea-ware  is  largely  collected  and  employed  as  a  ma- 
nure* 

Iodine  is  slightly  soluble  in  water,  and  this  solution  has 
been  mentioned  in  a  previous  lecture  (VI.  p.  156),  as  afford- 
ing  a  ready  means  of  detecting  starch  by  the  beautiful  blue 
colour  it  gives  with  this  substance. 

lU. — SULPHUK,   SULPHUROUS    AND     SULPHUBIC    ACIDS,   AND 

BULPHUBETTBD   HYDROGEN. 

1^.  Sulphur  is  a  substance  too  well  known  to  require  any 
detailed  description.  In  an  uncombined  state  it  occurs 
chiefly  in  volcanic  countries,  but  it  may  sometimes  be  ob- 
served in  the  form  of  a  thin  pellicle  on  the  surface  of  stag- 
nant waters— or  of  mineftil  springs,  which  are  naturally 
charged  with  sulphurous  vapours.  In  this  state  it  is  not 
known  materially  to  influence  the  natural  vegetation  in  any 
part  of  the  globe.     It  has,  however,  been  employed  with 

salt,  and  in  one  of  the  processes  immense  quantities  of  muriatic  acid 
an  given  off  from  the  furnace,  and  used  to  escape  into  the  air  by  the 
cfaiiuiey. 
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some  advantage  in  Germany  as  a  top-dressing  for  clover 
and  other  crops  to  which  gypsum  in  that  country  is  gene- 
rally applied.  The  mode  in  which  it  may  be  supposed  to 
act  will  be  considered  hereafter.*  ' 

2^.  Sulphurmu  acid. — When  sulphur  is  burned  in  the  air 
it  gives  oiTa  gaseous  substance  in  the  form  of  white  fumes 
of  a  well  known  intensely  suffocating  odour.  These  fumes 
consist  of  a  combination  of  the  sulphur  which  disappears 
with  the  oxygen  of  the  atmosphere,  and  are  known  to  che- 
mists by  the  name  of  sulphurous  acid.  This  compound  is 
destructive  to  animal  and  vegetable  life,  but  as  it  is  not 
known  to  be  directly  formed  to  any  extent  in  nature,  ex- 
cept in  the  neighbourhood  of  active  volcanoes,  it  probably 
exercises  no  extensive  influence  on  the  general  vegetation 
of  the  globe. 

This  gas  possesses  the  curious  property  of -bleaching  many 
animal  and  vegetable  substances.  Wool  and  straw  for  plait- 
ing are  bleached  to  an  almost  perfect  whiteness— ^when  they 
are  suspended  in  a  vessel  or  room  into  which  a  plate  of  burn- 
ing sulphur  has  been  introduced.  Gardeners  sometimes 
amuse  themselves  also  in  bleaching  roses  and  other  red 
flowers,  by  holding  them  over  a  burning  sulphur  match. 
Some  shades  of  red  resist  this  action  more  or  less  perfectly, 
and  the  colour  of  the  bleached  flowers  may  often  be  re- 
stored— by  dipping  them  in  a  dilute  solution  of  carbonate  of 
soda,  or  by  holding  them  over  a  bottle  of  hartshorn  (liquid 
ammonia). 

3.  Sulphuric  acid. — ^This  is  the  name  by  which  chemists 
distinguish  the  oil  of  vitriol  of  the  shops.  It  is  also  a  com- 
pound of  sulphur  and  oxygen  only,  and  is  formed  by  causing 
the  fumes  of  sulphur  to  pass  into  large  leaden  chambers 
along  with  certain  other  substances,  from  which  they  can 
obtain  a  further  supply  of  oxygen. 

It  is  met  with  in  the  shops  in  the  form  of  an  exceedingly 


*  The  refuse  heaps  of  the  alkali  works  on  the  Tyne,  contain  much 
sulphur  and  more  gypsum — ^but  the  farmers,  perhaps,  naturally 'enough, 
consider  that  if  the  works  themselves  do  harm  to  their  crops,  the  re- 
fose  of  the  works  cannot  do  them  much  good.  There  are  thousands 
of  tons  of  this  mixture  which  may  be  had  for  the  leading  away. 
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MHir  corrosive  liquid,  which  deeompoBea,  chars,  and  destroys 
all  animal  and  vegetable  substances,  and^  except  when  very 
diluted,  is  destructive  to  life  in  every  form.  It  is  rarely 
met  with  in  nature,  in  an  uncombined  state, — though  ac« 
conting  to  Boussingault,  some  of  the  streams  which  issue 
from  the  volcanic  regions  of  the  Andes,-  are  rendered  sour 
by  the  presence  of  a  quantity  of  this  acid. 

It  combines  with  potash,  soda,  lime,  magnesia,  4^*, 
and  forms  sulphates  which  exist  abundantly  in  nature,  and 
have  often  been  beneficially  and  profitably  employed  as 
manures. 

Where  the  soil  contains  lime  or  magnesia,  the  acid  may 
often  be  applied  directly  to  the  land,  in  a  very  dilute  state, 
with  advantage  to  clover  and  other  similar  crops.  It  has  in 
France,  near  Lyons,  been  observed  to  act  favourably  when 
used  in  this  way,  while  in  Grermany  it  has  been  found  better 
to  apply  it  to  the  ploughed  land,  previous  to  sowing.  A  few 
experiments  have  also  been  made  in  this  country  with 
partial  success.  It  is  deserving,  however,  of  a  further  trial, 
and  in  more  varied  circumstances. 

4^.  SulphureUed  Hydrogen* — ^This  gaseous  compound  of 
sulphur  with  hydrogen,  is  almost  universally  known  by  its 
unpleasant  smell.  It  imparts  their  peculiar  taste  and  odour 
to  sulphurous  springs,  such  as  that  of  Harrogate,  and  gives 
their  disagreeable  smell  to  rotten  eggs.  It  is  often  pro- 
duced in  marshy  and  stagnant  places,*  and  fish  ponds,  where 
vegetable  matter  is  undergoing  decay  in  the  presence  of  water 
containing  gypsum,  or  other  svlphaiss ;  and  it  may  occasion- 
ally be  detected  by  the  sense  of  smell  among  the  roots  of  the 


•  This  appears  to  be  especially  the  case  on  the  coasts  of  Western 
Afiica,  where  the  hot  sun  is  continually  beating  on  sea  water,  often 
shallow,  fipequently  stagnant,  and  always  laden  with  oiranic  matter, 
either  animal  or  Tegetable  (DaniellV  Near  the  mouth  of  the  Tees  in 
this  counhr,  where  a  shallow,  dark  blue,  muddy,  samphire-bearing  tract 
stretches  for  several  miles  inland  from  Seaton  Snook,  the  presence  of 
sulphuietted  hydrogen  may  be  perceived  by  the  smell,  when  on  a  hot 
summer's  day  a  ^ntie  air  skims  along  the  edge  of  the  Slake,  The 
&vottrable  conditions  are,  a  burning  sun,  a  veiy  gentle  air,  and  such  a 
condition  of  the  sea — ^that  those  parts  and  pools  which  are  only  readie 
•d  by  the  spiing  tides,  shall  have  been  several  days  uncoveraL 


^ 
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sod,  in  old  pasture  land,  to  which  a  top-dreanng  is  occasion- 
ally given. 

As  in  the  egg,  so  also  in  other  decapng  animal  substan- 
ces, especiaily  wken  the  air  is  in  some  measure  excluded, 
this  gas  is  formed.  In  putrified  cow's  urine,  and  in  night- 
soil,  it  is  present  in  considerable  quantity. 

Sulphuretted  hydrogen  is  exceedingly  noxious  to  animal 
and  vegetable  life,  when  diffused  in  any  considerable  quan- 
tity through  the  air,  by  which  they  are  surrounded.  The 
luxuriance  of  the  vegetation  in  the  neighbourhood  of 
sulphurous  springs,  however,  has  given  reason  ^o  believe 
that  water  impregnated  with  this  gas,  may  act  in  a  bene- 
ficial manner  when  it  is  placed  within  reach  of  the  roots 
of  plants.  It  seems  also  to  be  ascertained  that  natural  or 
artificial  waters  which  have  a  sulphurous  taste,  give  birth 
to  a  peculiarly,  luxuriant  vegetation,  when  they  are  em- 
ployed in  the  irrigation  of  meadows.* 

The  relative  constitution  of  these  three  compounds  of 
sulphur,  is  thus  represented :— 


One  equivalent  of 

Weighing 

Is  repre- 
sented by 

Or  one  of  Sulphur 
and 

Sulphur 

Sulphurous  Acid   .  .  . 
Sulphuric  Acid  .... 
Sulphuretted  Hydrogen 

16 
32 
40 
17 

S 

SO, 
SO3 
SH 

2  of  Oxygen 

3  of  Oxygen 

1  of  Hydrogen. t 

IV. ^PHOSPHORUS   AND   PHOSPHORIC   ACID. 

1^.  Phosphorus  is  a  solid  substance  of  a  pale  yellow 
colour,  and  of  a  consistence  resembling  that  of  wax.  When 
exposed  to  the  air  it  slowly  combines  with  the  oxygen  of 
the  atmosphere,  and  burns  away  with  a  pde  blue  flame 
▼isible  only  in  the  dark.  When  rubbed,  however,  or  ex- 
posed  to  a  slight  elevation  of  temperature,  even  to  the  heat 
of  the  hand,  it-  readily  bursts  into  a  brilliant  flame,  emitting 
an  intense  light  accompanied  by  dense  white  vapours.  It 
does  not  occur  in  nature  in  an  uncombined  state,  and  is  not 

*  Sprengel  Chemie  I.,  p.  355. 

t  For  the  properdes  of  oxygen  and  hydrogen  see  above  page  24,  and 
fbr  their  equivalent  or  atomic  weights  see  page  40. 
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known  to  be  sosceptible  of  any  usefol  application  in  prac- 
tical agriculture. 

2^.  Phosphoric  Acid. — ^The  white  fumes  giyen  off  by 
phosphorusy  or  rather  into  which  it  is  changed,  when  burned 
in  the  air  or  in  oxygen  gas,  consist  of  phosphoric  acid. 
This  compound  is  soUd  and  colourless,  attracts  moisture 
from  the  air  with  great  rapidity,  is  exceedingly  soluble  in 
water,  has  an  intensely  sour  taste,  and  like  sulphuric  acid 
is  capable  of  corroding  and  destroying  animal  and  vegetable 
substances* 

It  does  not  exist  in  nature  in  a  free  state,  and,  therefore, 
is  not  dtrecdy  influential  upon  vegetation.  It  unites,  how- 
ever, with  potash,  soda,  lime,  dec,  to  form  compounds, 
known  by  the  name  of  phosphates.  In  these  states  of  com- 
bination, it  is  almost  universally  diffused  throughout  nature— 
and  appears  to  be  essentially  necessary  to  the  healthy  growth 
and  maturity  of  all  living— -certainly  of  all  cultivated  vege- 
tables. 

v.— POTASSIVX,  POTASH,  CARBONATB^  8ULPHATB,  OXALATX, 
TARTRATB,  CITRATB,  AND  8ULPHATB  OF  POTASH,  AND 
CHJU>BIDB  OF  POTASSIUX. 

1°.  Carbonate  of  PciasK — ^In  countries  where  non-resi- 
nous trees  abound,  it  is  usual  to  burn  the  wood  which  can- 
not otherwise  be  employed — as  in  the  clearings  in  Canada 
and  the  United  States — ^for  the  purpose  of  collecting  the 
ash  which  remains.  This  ash  is  washed  with  water  and 
the  washings  boiled  to  dryness  in  iron  pots.  In  this  state 
it  forms  the  po<-ash  of  commerce.  When  this  potash  is 
again  dissolved  in  water,  and  the  clear  liquid  decanted  and 
boiled,  the  pearUsj^  of  the  shops  is  obtained. 

This  pearl-ash  is  an  impure  form  of  the  carbonate  of  pot- 
ash of  chemists.  It  readily  dissolves  in  water,  has  a  pecu- 
liar taste — distinguished  as  an  alcaline  taste — and  dissolves 
in  vinegar  or  in  diluted  sulphuric  or  muriatic  acid,  with 
much  ^ervescence.  The  gas  given  off  during  this  effer- 
vescence (or  boiling  up)  is  carbonic  acid,  the  same  which, 
as  was  shewn  in  a  previous  lecture,  is  obtained,  when  a  di- 
luted acid  is  poured  upon  chalk  or  common  limestone. 

This  carbonate  of  potash  has  been  long  known  to  exer- 
cise a  powerful  influence  over  the  growth  of  plants. 
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The  use  of  wood-ash  as  a  fertilizer  both  of  pasture  and  of 
arable  land,  goes  back  to  the  most  remote  antiquity ;  and 
though  the  crude  wood-ash  contains  other  substances  eJaOf 
yet  much  of  its  immediate  and  most  apperent  effect  is  due 
to  the  carbonate  of  potash  it  contains. 

From  what  has  already  been  stated,  at  the  commence- 
ment of  the  present  lecture,  in  regard  to  the  presence  of 
potash  in  the  parts  and  juices  of  nearly  all  plants,  you  will 
already  in  some  measure  understand  why  the  carbonate  of 
potash  should  be  useful  to  vegetation,  and — since  this  alkali 
(potash)  is  present  in  greater  quantity  in  some,  than  in  others 
— why  it  should  appear  to  be  more  especially  favourable  to 
the  growth  of  one  kind  of  plant  than  of  another. 

In  this  way,  it  is  explained  why  moss  and  coarse  grasses 
are  extirpated  from  meadows  by  a  sprinkling  of  wood  ashes 
—and  why  red  clover,  lucerne,  esparsette,  beans,  peas,  flax, 
and  potatoes,  dec,  are  greatly  promoted  in  their  growth  by 
a  similar  treatment.  This  substance,  however,  has  other 
functions  to  perform  in  reference  to  vegetation,  besides  that 
of  simply  supplying  the  crop  with  the  potash  it  requires ; 
these  functions  I  shall  explain  more  particularly  hereafter, 
when  you  will  perhaps  be  better  prepared  for  understanding 
the  details  into  which  it  will  be  necessary  to  enter. 

2^.  Potash. — ^When  12  parts  of  carbonate  of  potash  are 
dissolved  in  water,  and  boiled  with  half  their  weight  of 
newly -slaked  quicklime,  they  are  gradually  deprived  of  their 
carbonic  acid,  and  converted  into  pure  potash,— or  as  it  is 
often  called,  from  its  effect  on  animal  and  vegetable  8ub« 
stances,  caustic  potash. 

The  caustic  liquid  thus  obtained  decomposes  or  dissolves 
^  most  animal  and  vegetable  substances,  whether  living  or 
dead.  When  applied  to  the  skin,  unless  it  be  in  a  very  di- 
luted state,  it  destroys  it,  and  produces  a  painful  sore. 
Potash  does  not  occur  in  nature  in  this  caustic  or  uncombined 
state,  and  is  not  known,  therefore,  to  exercfse  any  direct  in- 
fluence upon  natural  vegetation. 

When  wood-ashes  and  quick-lime  are  mixed  together  in 
artificial  composts,  it  is  not  unlikely  that  a  portion  of  the 
carbonate  of  potash  may  be  rendered  caustic,  and,  therefore, 
be  more  fit  to  act  upon  the  vegetable  matter  in  contact  with 
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iU^y  rendering  it  solaUe  in  water  and  tbas  capaUe  of  en- 
tering into  the  roots  of  plants.  To  this  point  I  shall  haye 
occasion  to  return  hereaiter.  In  the  mean  time,  it  is  proper 
to  remarky  that  if  pearl-ash  be  mixed,  as  above  prescribed, 
with  half  its  weight  of  quick-lime,  and  then  boiled  with  lest 
than  ten  or  twdve  timeM  its  weight  of  water  ^  a  part  of  the 
pot€uh  only  is  rendered  caustic — the  lime  being  unable  to 
deprive  the  pearl-ash  (carbonate  of  potash)  of  its  carbonic 
acid,  unless  it  be  largely  diluted.  Hence,  in  dry  composts, 
or  mixtures  of  this  substance  with  quick-lime,  it  is  unlikely 
that  any  large  portion  of  the  potash  can  be  at  once  brought 
to  the  caustic  state*  This  fieict  is  really  of  importance  in 
reference  to  the  theory  of  the  conjoined  action  of  quick-lime 
and  wood  or  pearl-ash,  when  mixed  together  in  artificial  ma- 
nures, and  applied  to  the  land. 

8°.  Potassium^— When  dry  caustic  potash,  obtained  by 
evaporating  the  caustic  solution  above  described,  is  mixed 
with  powdered  charcoal  and  iron  filings,  and  exposed  to  an 
intense  heat  in  an  iron  retort,  it  is  decomposed,  and  metallic 
pntassnan  distils  over,  and  is  collected  in  the  form  of  white 
shining  silvery  drops. 

It  was  one  of  the  most  remarkable  discoveries  of  Sir  H. 
Davy,  that  potash  was  a  compound  substance,  and  consisted 
of  this  metal  potassium  united  to  oxygen  gas. 

Potassium  is  remarkable  for  the  strong  tendency  it  pos- 
sesses to  unite  again  with  oxygen  and  re-form  potash. 
When  simply  exposed  to  the  air,  it  gradually  absorbs  oiy- 
^n  from  the  atmosphere ;  but  if  it  be  heated'  in  the  air, 
it  takes  fire  and  burns.  When  the  combustion  has  ceased, 
a  quantity  of  caustic  potash  remains,  the  weight  of  which 
is  nearly  one-fifth  greater  than  that  of  the  potassium  em- 
ployed. It  even  bursts  into  a  flame  when  thrown  upon 
water,  depriving  that  liquid  of  its  oxygen,  and  liberating 
its  hydrogen,* — and  it  was  justly  considered  as  the  most 
astonishing  property  of  this  metol,  when  first  discovered, 
that  it  took  fire  when  placed  upon  the  coldest  ice.  When 
thus  burned  in  contact  with  water,  potash  is  formed,  as  be- 

*  For  the  composition  of  water,  see  Lecture  11^  p»  43. 
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fore»  and  is  found  dksolved  in  the  liquid  when  the  ezperi- 
Okent  IB  completed. 

4.  Chloride  of  Potassium. — ^Tbia  is  a  compound  of  chlo- 
rine with  potaBsium,  which,  in  taste,  properties,  and  general 
appearance,  has  much  resemblance  to  common  salt.  It 
may  be  formed  by  disBolving  pearl-ash  in  dilute  muriatic 
acid  (spirit  of  salt)  as  long  as  any  efienreecence  appeara, 
and  afterwards  eyaporatinff  to  dryness.  It  exists  in  small 
quantity  in  sea  water,  in  the  ash  of  most  plants,  and  fre* 
quently  in  the  soil.  It  is  not  an  article  of  manufacture, 
but  is  occasionally  extracted  from  kelp,  and  sold  to  the 
alum  makers.  Could  it  be  easily  and  cheaply  obtained, 
there  is  no  doubt  that  it  might  be  employed  with  adyantage 
as  a  manure,  and  especially  in  those  circumstances  in  which 
common  salt  has  been  found  to  promote  yegetation.  The 
refuse  of  the  soap-boilers,  where  soap  is  made  from  .  kelp, 
contains  a  considerable  quantity  of  this  compound.  This 
refuse  might  be  obtained  at  a  cheap  rate,  and,  therefore, 
might  be  usefully  collected  and  applied  to  the  land  where 
such  works  are  established. 

6^.  SulpJiaie  of  Potash, — ^This  compound  is  formed  by 
adding  pearl-ash  to  dilute  sulphuric  acid  (oil  of  yitriol)  as 
long  as  efieryeseence  appears,  and  then  eyaporating  the  so- 
lution. It  is  a  white  saline  substance,  sparingly  soluble  in 
water,  and  has  a  disagreeable  bitteri^  taste.  It  exists  in 
considerable  quantity  in  wood-ash,  and  in  the  ash  of  nearly 
all  plants,  and  is  one  of  the  most  abundant  impurities  in  the 
common  potash  and  pearl-ash  of  the  shops.  This  sulphate 
itself  is  not  an  article  of  extensiye  manufacture,  but  it  ex. 
ists  in  common  alum  to  the  amount  of  upwards  of  18  per 
cent,  of  its  weight. 

Dissolyed  in  100  times  its  weight  of  water,  the  sulphate 
of  potash  has  been  found  to  act  fayourably  on  red  cloyer, 
yetches,  beans,  peas,  dsc,  and  part  of  the  effect  of  wood 
ashes  on  plants  of  this  kind,  is  to  be  attributed  to  the  suU 
phate  of  potash  they  contain.  Turf  ashes  are  also  said  to 
contain  this  salt  in  variable  quantity,  and  to  this  is  ascribed 
a  portion  of  their  efficacy  also  when  applied  to  the  land. 

6^.  Nitrate  of  Potash  or  saltpetre  is  a  well  known  saline 
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sabstanee,  of  which  mention  has  already  been  made  in  the 
preceding  lectures.*  It  contains  potash  and  nitric  acid 
only,  and  may  be  readily  formed  by  dissolving  pearl>a8h  in 
nitric  acid,  and  evaporating  the  solution.  It  exists,  and  is 
continually  reproduced  in  the  soil  of  most  countries,  and  is 
well  known  to  exercise  a  remarkable  influence  in  accelera- 
ting, and  increasing  the  growth  of  plants. 

7^.  OxaiaUs  of  Potash. — These  salts  exist  in  the  common 
and  wood  sorrels,  and  in  most  of  the  other  more  perfect 
plants  in  which  oxalic  acid  is  known  to  exist. f  The  salt 
of  sorrel  is  the  best  known  of  these  oxalates.  This  salt  has 
an  agreeable  acid  taste,  and  is  not  so  poisonous  as  the  an- 
combined  oxalic  acid. 

When  this  salt  is  heated  over  a  lamp,  the  oxalic  acid  it 
contains  is  decomposed,  and  carbonate  of  potash  is  obtained. 
It  is  supposed  that  a  great  part  of  the  potash  extracted  from 
the  ashes  of  wood  and  of  the  stems  of  plants  in  general,  in 
the  state  of  carbonate,  existed  as  an  oxalate  in  the  living 
tree,  and  was  converted  into  carbonate  during  the  combus- 
tion of  the  woody  fibre  and  other  organic  matter.  This 
compound*  therefore,  in  all  probability,  performs  an  impor- 
tant part  in  the  changes  which  take  place  in  the  interior  of 
plants,  though  its  direct  agency  in  affecting  their  growth 
when  applied  externally  to  their  roots,  has  not  hitherto  been 
distinctly  recognised.  It  is  probably  formed  occasionally  in 
farm-yard  manure,  and  in  decaying  urine  and  night-soil, 
but  nothing  very  precise  is  yet  known  on  this  subject. 

8".  Ciiratesand  Tartrates  of  PoUish.-^Theae  salts  exist 
in  many  fruits.  The  citrates  abound  in  the  orange,  the 
lemon,  and  the  lime — ^the  tartrates  in  the  grape.  When 
heated  over  a  lamp,  they  are  decomposed,  and  like  the  oxa^ 
lates  leave  the  potash  in  the  state  of  carbonate. 

In  the  interior  of  plants,  both  potash  and  soda  are  most 
frequently  combined  with  organic  acids  (oxalic,  citric,  tar- 
taric, dec.f )  and  the  compounds  thus  formed  are  generally 
what  chemists  call  acid  salts — that  is  to  say,  they  generally 

*  See  p.  75  and  pp.  337  to  345.  t  See  pp.  61  and  304. 

X  For  an  account  <^  the  most  abondaat  organic  acids,  see  lecture 
VI.,  p.  178. 
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have  a  distinctly  soor  taste,  redden  vegetable  blues,  and 
contain  much  more  acid  than  is  found  to  exist  in  certain 
other  well  known  compounds  of  the  same  acids  with  pot- 
ash. 

The  citrates  and  tartrates  are  not  known  to  be  formed  in 
nature,  except  in  the  living  plant,  and  as  they  are  too  ex- 
pensive to  be  ever  employed  as  manures,  it  is  the  less  to  be 
regretted  that  few  experiments  have  yet  been  tried  with  the 
view  of  ascertaining  their  effect  upon  vegetation. 

9^.  Phosphates  ofPoUuh. — ^If  to  a  known  weight  of  phos- 
phoric acid  (p.  274)  pearl-ash  (carbonate  of  potash)  be  added 
as  long  as  any  effervescence  appears,  and  the  solution  be  then 
evaporated,  phosphate  of  potash  is  obtained.  If  to  the  so* 
lution  before  evaporation  a  second  portion  of  phosphoric  acid 
be  added,  equal  to  the  first,  and  the  water  be  then  expelled 
by  heat,  Bi-phosphat^  of  potash  will  remain. 

One  or  other  of  these  two  salts  is  found  in  the  ash  of  nearly 
all  plants.  Whether  or  not  the  elements  of  which  they  con- 
sist exist  in  this  state  of  combination  in  the  living  plant  will 
be  considered  hereafter,  in  the  mean  time  it  may  be  stated  as 
certain  that  they  are  of  the  most  vital  importance  not  only 
in  reference  to  the  growth  of  plants  themselves,  but  also  to 
their  nutritive  qualities  when  eaten  by  animals  for  food. 

These  phosphates  are  occasionally,  perhaps  very  general- 
ly, present  in  the  soil  in  minute  quantities,  and  there  is  every 
reason  to  believe  that  could  they  be  applied  to  the  land  in  a 
sufficiently  economical  form,  they  would  in  many  cases  act 
in  a  most  favourable  manner  upon  vegetation.  They  are 
contained  in  urine  and  other  animal  manures,  and  to  their 
presence  a  portion  of  the  efficacy  of  these  manures  is  to  be 
ascribed. 

▼I. SODIUX,  80DA>  CAKBONATB  OF  SODA*  8VLPHATB  OF  SODA, 

PHOSPHATE  OF  SODA,  8ULPHUHBT  OF  SODIUH,  CHLORIDE  OF 
SODIUM. 

1^.  Chloride  of  Sodium^  common  or  sea  salt,  exists  abun- 
dantly in  sea  water,  and  is  found  in  many  parts  of  the  earth 

•  So  calkd  from  bis,  twiee,  because  it  eontatns  Mee  as  much  acid  as 
the  formflr,  or  neutral  phoaphata. 
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in  the  form  either  of  incrustations  on  the  surface  or  of  solid 
beds  or  masses  at  considerable  depths.  The  rock  salt  of 
Cheshire  is  a  well  known  example  of  this  latter  mode  of 
occurrence, 

Common  salt  may  also  be  detected  in  nearly  all  soils,  it 
is  found  in  the  ashes  of  all  plants,  but  especially  and  in 
large  quantity  in  the  ashes  of  marine  plants  (Kelp),  and  is 
sometimes  borne  with  the  spray  of  the  sea  to  great  distances 
inland,  when  the  winds  blow  strong,  and  the  waves  are 
high  and  broken. 

On  some  rocky  shores,  as  on  that  between  Berwick  and 
Dunbar,  the  spray  may  be  seen  occasionally  moving  up  the 
Kttle  coves  and  inlets  in  the  form  of  a  distinct  mist  driving 
before  the  wind,  and  the  saline  matter  has  been  known  to 
traverse  nearly  half  the  breadth  of  the  island  before  it  was 
entirely  deposited  from  the  air. 

It  is  impossible  to  calculate  how  much  of  the  saline 
matter  of  sea  water  may  in  this  way  be  spread  over  the 
surface  of  a  sea-girt  land  like  ours ;  but  two  things  are 
certain — ^that  those  places  which  are  nearer  the  sea  will 
receive  a  greater,  and  those  more  inland  a  leaiBer,  portion ; 
and  that  those  coasts  on  which  sea  winds  prevail  wiU  be 
more  largely  and  more  frequently  visited  than  those  on 
which  land  winds  are  more  commonly  experienced. 

It  is  well  known  that  common  salt  has  been  employed  in 
all  ages  and  in  all  countries  for  the  purpose  of  promoting 
vegetation,  and  in  no  country  perhaps  in  larger  quantity  or 
more  extensively  than  in  England.  That  it  has  <kten 
failed  to  benefit  the  land  in  particular  localities,  only  shows 
that  the  soil  in  those  places  already  contained  a  natural 
supply  of  this  compound  large  enough  to  meet  the  wants  of 
the  crops  which  grew  upon  it.  The  facts  above  stated  as 
to  the  influence  of  the  wind  in  top-dressing  the  exposed 
coast-line  of  a  country  with  a  solution  of  Mdt,  may  serve 
as  an  important  guide  both  in  reference  to  the  places  in 
which  it  may  be  expected  to  benefit  the  land,  and  to  the 
causes  of  its  failing  to  do  so  in  particular  districts. 

2°.  Sulphate  of  Sodoj  or  Glauber's  salt,  is  usually  manufac- 
tured from  common  salt  by  pouring  upon  it  diluted  sulphuric 
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acid  (oil  of  Titriol),  and  applying  heat.  Muriatic  acid  (spirit 
of  salt*)  is  given  off  in  Uie  form  of  yapour,  and  sulphate  of 
soda  remains  behind.  It  may  also  be  prepared,  though  less 
economically,  by  adding  the  common  soda  of  the  shops  to 
diluted  sulphuric  acid  as  long  as  any  effervescence  appears. 

This  well  known  salt  is  met  with  in  variable  quantity  in 
the  ashes  of  nearly  all  plants,  and  is  diffused  in  minute  pro- 
portion through  most  soils*  I  have  elsewheref  directed  your 
attention  to  the  beneficial  effect  which  it  has  been  observed  to 
exercise  on  the  growth  especially  of  such  plants  as  are  known 
to  contain  a  considerable  proportion  of  sulphuric  acid. 
Among  these  are  red  clover,  vetches,  peas,  dec.  And  as  this 
salt  is  manufactured  largely  in  this  country,  and  can  be  ob- 
tained at  the  low  price  often  shillings  a  cwt.  in  the  dry  state,4i 
I  have  recommended  it  to  the  practical  farmer  as  likely  to 
be  extensively  useful  as  a  manure  for  certain  crops  and  on 
certain  soils.  The  kind  of  crops  and  soils  have  as  yet  in 
great  measure  to  be  determined  by  practical  trials. § 

3°.  Stdphuret  of  Sodium, — When  sulphate  of  soda  is  mixed 
with  saw-dust,  and  heated  in  a  furnace,  the  oxygen  of  the 
salt  is  separatcMi,  and  sulphuret  of  sodium  is  produced.  By 
a  similar  treatment  sulphate  of  potash  is  converted  into  suL 
phuret  of  potassium.  These  compounds  consist  of  sulphur 
and  metallic  sodium  or  potassium  only.  They  do  not  occur 
extensively  in  nature,  and  are  not  manufactured  for  sale ;  but 
there  is  reason  to  beheve  that  they  would  materially  promote 
the  vegetation  of  such  plants,  as  contain  much  sulphur  in 
combination  with  potash  or  soda.  The  sulphuret  of  sodium 
is  present  in  variable  quantity  in  the  refuse  lime  of  the  al- 
kali works,  already  spoken  of,  and  might  be  expected  to  aid 
the  other  substances  of  which  it  chiefly  consists,  in  con- 
tributing to  the  more  rapid  growth  of  pulse  and  clover  crops. 

*  So  called  by  the  old  chemists,  because  thus  given  off  by  common 
salt 

t  See  Appendix,  page  2. 

t  Not  in  crystals,  the  fonn  in  which  it  is  commonly  sold  as  a  horse 
medicine.  These  crystals  contain  upwards  of  half  their  weight  (55 
per  cent.)  of  water. 

§  See  the  results  of  Mr.  Fleming's  Experiments,  Appendix,  p.  87,  et 
sequent 
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4^.  Carbonate  of  Soda. — ^I  hare  described  the  above  com- 
pounds of  soda  before  mentioning  this  its  best  known  and 
most  common  form,  because  they  are  all  steps  in  the  pro- 
cess by  which  the  latter  is  usually  prepared  from  common 
salt,  by  the  soda  manufacturers. 

When  the  sulphuret  of  sodium  is  mixed  with  chalk  in 
certain  proportions,  and  heated  in  a  furnace,  it  is  depriyed 
of  its  sulphur,  and  is  converted  into  carbonate  of  soda,  the 
common  soda  of  the  shops. 

This  well  known  salt,  now  sold  in  the  state  of  crystals* 
at  from  10s.  to  128.  a  cwt.,  has  not  as  yet  been  extensively 
tried  as  a  means  of  promoting  vegetation.  The  lowness 
of  its  price,  however,  and  the  fact  that  it  is  an  article  of  ex- 
tensive home  manufacture,  conjoined  with  the  encourage- 
ment  we  derive  from  theoretical  considerations — all  unite  in 
suggesting  the  propriety  of  a  series  of  experiments  with  the 
view  of  determining  its  real  value  to  the  practical  agricul- 
turists. The  mode  in  which  theory  indicates  that  this 
compound  is  likely  to  act  in  promoting  vegetation — as  well 
as  the  crops  to  which  it  may  be  expected  to  be  especially 
useful,  will  come  under  our  consideration  hereafter. 

Besides  the  common  carbonate  of  soda  above  described, 
and  which  in  the  neighbourhood  of  Newcastle  is  manufac- 
tured from  common  salt  to  the  amount  of  80  or  40  thou- 
sand tons  every  year,  there  occur  in  nature  two  other 
compounds  of  soda  with  carbonic  acid,  in  which  the  latter 
substance  is  present  in  larger  quantity  than  in  the  soda  of 
the  shops.  The  sesqtd-caibonBte^  containing  one  half  more 
carbonic  acid,  occurs  in  the  soil  in  many  warm  climates 
(Egypt,  India,  South  America,  dzc),  and  at  Fezzan,  in 
Africa,  is  met  with  as  a  mineral  deposit  of  such  thickness 
as  in  that  dry  climate  to  allow  of  its  being  employed  as  a 
building  stone. 

The  6t.carbonate  is  contained  in  the  waters  of  many 
lakes,  in  Hungary,  in  Asia,  dec,  and  in  many  springs  in 
all  parts  of  the  world.  There  can  be  no  doubt  that  the 
waters  of  such  springs  are  fitted  to  promote  the  fertility,  es- 
pecially of  pasture  land,  to  which  they  may  be  applied 

*  Containing  62  p«r  cent  of  water. 
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either  by  artificial  irrigation,  or  by  spontaneoufl  overflow 
from  natural  outlets.  Some  of  the  Harrowgate  waters  con- 
tain a  sensible  quantity  of  this  bicarbonatcy  and  over  a  large 
portion  of  the  Yorkshire  coal-field,  a  bed  of  rock  is  found, 
at  various  depths,  the  springs  from  which  hold  in  solution  a 
considerable  portion  of  this  salt.  The  Holbeck  water  of 
Leeds,  according  to  Mr.  West,  owes  its  softness  to  the  pre- 
sence of  this  carbonate,  and  the  water  from  the  coal-mines 
in  the  neighbourhood  of  Wakefield,  is  occasionally  so  charged 
with  it,  as  to  form  troublesome  saline  incrustations  on  the 
bottoms  of  the  steam  boilers.  Where  these  waters  occur 
in  sufficient  abundance,  they  should  not  be  permitted  to 
escape  into  the  rivers,  until  they  have  previously  been  em- 
ployed in  irrigating  the  land. 

It  has  occasionally  been  observed  that  natural  springs  in 
some  localities  impart  a  degree  of  luxuriance  to  natural 
pasture,  which  is  not  to  be  accounted  for,  by  the  mere  ef- 
fect of  a  constant  supply  of  water.  In  such  cases,  the 
springs  may  be  expected  to  contain  some  alcaline,  or  other 
mineral  ingredient,  which  the  soil  is  unable  to  supply  to  the 
plants  which  grow  upon  it,  either  in  sufficient  abundance, 
or  with  sufficient  rapidity. 

5^.  Soda  or  Causfic  Soda, — When  a  solution  of  the  com- 
mon soda  of  the  shops  is  boiled  with  quick-lime,  it  is  de- 
prived of  its  carbonic  acid,  and  like  the  carbonate  of  potash 
(p.  275)  is  brought  into  the  caustic  state.  In  this  state,  it 
destroys  animal  and  vegetable  substances,  and,  unless  very 
dilute,  is  injurious  to  animal  and  vegetable  life. 

When  common  salt  (chloride  of  sodium)  is  mixed  with 
quicklime  in  compost  heaps,  it  is  deprived  by  the  lime  of  a 
portion  of  its  chlorine,  and  is  partially  converted  into  this 
caustic  soda.  The  action  of  the  soda  in  this  state  is  similar 
to  that  of  caustic  potash.  Not  only  does  it  readily  supply 
soda  to  the  growing  plant,  to  which  soda  is  necessary,  but  it 
also  acts  upon  certain  other  substances  which  the  plants  re- 
quire, so  as  to  render  them  soluble,  and  to  facilitate  their 
entrance  into  the  roots  of  plants.  To  the  presence  of  sodn 
in  this  caustic  state,  the  efficacy  of  such  composts  of  com- 
mon salt  and  lime  in  promoting  vegetation,  is  in  part  to  be 
ascribed. 
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6^.  Sodium  is  a  soft  metal  of  a  silver  white  colour,  and, 
like  potassium,  light  enough  to  float  upon  water*  It  is  ob- 
tained  by  heating  caustic  soda  with  a  mixture  of  charcoal 
and  iron  filings.  It  takes  fire  upon  water — though  not  so 
readily  as  potassium— Hind  combines  with  its  oxygen  to  form 
soda.  In  the  metallic  state  it  is  not  known  to  occur  in  na- 
ture, and,  therefore,  does  not  directly  act  upon  vegetation. 
With  oxygen  it  forms  soda, — ^with  chlorine,  chloride  of  so* 
dium  (common  salt), — and  with  sulphur,  sulphuret  of  sodi- 
um,— all  of  which,  as  already  stated,  are  more  or  less 
beneficial  to  vegetation. 

7°.  Phosphates  of  Soda. — ^When  the  common  soda  of 
the  shops  is  added  to  a  solution  of  phosphoric  acid  in  water, 
till  efiervescence  ceases,  and  the  solution  is  evaporated  to 
dryness,  phosphate  of  soda  is  formed,  and  by  the  subsequent 
addition  of  as  much  more  phosphoric  acid^-^-pbosphate. 
These  salts  occur  more  or  less  abundantly  in  the  ash  of 
nearly  all  plants ;  they  are  occasionally  also  detected  in  the 
soil,  and  one  or  other  of  thorn  is  almost  always  present  in 
urine  and  other  animal  manures.  As  we  know  from  theory, 
that  these  compounds  must  be  grateful  to  plants,  we  are 
justified  in  ascribing  a  portion  of  the  efficacy  of  animal 
manures,  in  promoting  the  growth  of  vegetables,  to  the  pre- 
sence of  these  phosphates,  as  well  as  to  that  of  the  phos- 
phates of  potash  (p.  279).  They  are  not  known  to  occur 
in  the  mineral  kingdom  in  any  large  quantity,  neither  are 
they  articles  of  manufacture,  hence  their  direct  action  upon 
vegetation  has  not  hitherto  been  made  the  subject  of  sepa- 
rate experiment. 

Vn.— -€ALCIUM,  LIMB,  CARBONATE  OF  LIHE,  SULPHATE  OF 
LIME,  NITRATB  OF  LIMB,  PHOSPHATES  OF  LIMB,  CHLOHIDE 
OF  CALCIUM,  SULPHURET  OF  CALCIUM. 

1^.  Carbonate  of  Lime. — ^Chalk,  marble,  and  nearly  all  the 
limestones  in  common  use,  are  varieties,  more  or  less  pure,  of 
that  compound  of  lime  with  carbonic  acid,  which  is  known  to 
chemists  as  carbonate  of  lime.  It  occurs  of  various  colours 
and  of  various  degrees  of  hardness,  but  in  weight  the  compact 
varieties  are  very  much  alike,  being  generally  a  little  more 
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than  fH  times  (2*7)  heavier  than  water.  They  all  dissolye 
with  effervescence  in  dilute  muriatic  acid  (spirit  of  salt), 
and  by  the  bubbles  of  gas  which  are  seen  to  escape  when  a 
drop  of  this  acid  is  applied  to  themt  limestones  may  in  ge- 
neral be  readily  distinguished  from  other  varieties  of  rock* 
They  dissolve  slowly  also  in  water  which  holds  carbonic 
acid  in  -solution ;  and  hence  the  springs  which  issue  from 
the  neighbourhood  of  deposits  of  limestone  are  generally 
charged  in  a  high  degree  with  this  mineral  substance. 

The  value  of  this  carbonate  of  lime  in  rendering  a  soil 
capable  of  producing  and  sustaining  a  luxuriant  vegetation 
depends,  in  part,  it  is  true,  on  the  necessity  of  a  certain 
proportion  of  lime  to  the  growth  and  full  development  of  the 
several  parts  of  nearly  all  plants,  but  it  performs  also  other 
important  offices,  which  we  shall  hereafter  have  occasion 
more  fully  to  consider. 

2°.  Lime  or  Qutck-lime. — ^When  limestone  b  burned  along 
with  coal  or  wood  in  kilns  so  constructed  that  a  current 
of  air  can  pass  freely  through  them,  the  carbonic  acid  is 
driven  off,  and  the  lime  alone  remains.  In  this  state  it  is 
generally  known  by  the  name  of  burned  or  ^trA;.lime,  from 
its  caustic  qualities,  and  is  found  to  have  lost  nearly  44  per 
cent,  of  its  original  weight. 

The  most  remarkable  property  of  quick-lime  is  its  strong 
tendency  to  combine  with  water.  This  is  displayed  by  the 
eagerness  with  which  this  liquid  is  drunk  in  by  the  lime  in 
the  act  of  slaking,  and  by  the  great  heat  which  is  at  the 
same  time  developed.  Slaked  lime  is  a  compound  of  lime 
with  water,  and  by  chemists  is  called  a  hydrate  of  lime.  It 
contains  24  per  cent,  of  its  weight  of  water. 

The  action  of  quick-lime  upon  the  land  is  one  of  the  most 
important  which  presents  itself  to  the  observation  of  the 
practical  agriculturist.  Among  other  effects  produced  by  it 
is  that  of  hastening  the  decomposition  of  vegetable  matter 
either  in  the  soil  or  in  compost  heaps ;  but  this  effect  is  ma- 
terially promoted  by — ^if  it  be  not  wholly  dependent  upon— 
the  presence  of  air  and  moisture.  By  this  decomposition- 
carbonic  acid  and  other  compound  substances  are  produced, 
which  the  roots  are  capable  of  absorbing  and  converting  into 
the  food  of  plants. 

25* 
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In  this  caustic  state  lime  does  not  ooctir  in  nature, 
nor  when  exposed  to  the  air  does  it  long  remain  in  this 
state.  It  gradually  absorbs  carbonic  acid  from  the  atmo- 
sphere, and  is  again  converted  into  carbonate.  This 
change  takes  place  more  or  less  rapidly  in  all  cases  where 
quick-lime  is  applied  to  the  land,  but  the  benefits  arising 
from  burning  the  lime  do  not  disappear  when  it  is  thus 
reconyerted  into  carbonate.  On  the  contrary,  the  state 
of  very  fine  powder,  into  which  quicklime  falls  on  slaking, 
enables  the  carbonate  of  lime,  subsequently  formed,  to  be 
intermixed  with  the  soil  in  a  much  more  minute  state  of 
division  than  could  be  obtained  by  any  mechanical  means. 
This  we  shall  hereafter  see  to  be  a  most  important  fact, 
when  we  come  to  study  in  more  detail  the  theory  of  the 
action  of  lime  in  the  several  states  of  combination,  and 
under  the  varied  conditions  in  which  it  is  employed  for  the 
purpose  of  improving  the  land. 

8^.  Ctdektm  is  a  silver-white  metal,  which,  by  its  union 
with  oxygen,  forms  lime.  It  is  not  known  to  exist  in  na- 
ture in  an  uncombined  state,  is  prepared  artificially  only 
with  great  difficulty,  and  therefore  exercises  no  direct  ac- 
tion on  vegetable  growth. 

4°.  Chhride  of  Calcium. — ^When  chalk  or  quick-lime  is 
dissolved  in  muriatic  acid,  a  solution  of  chloride  of  ad" 
cttfffi  is  obtained.  This  solution  occurs  in  sea-water,  in 
the  refuse  (mother  liquor)  of  the  salt-pans,  and  is  allowed 
to  flow  away  in  larffe  quantities  as  a  waste  from  certain 
chemical  works.  I  nave  elsewhere*  stated  the  efifects  it  has 
been  observed  to  produce  upon  vegetable  growth,  and  have 
recommended  the  propriety  of  making  experiments  with 
the  view  of  rendering  useful  some  of  those  materials 
which  in  our  manu&ctories  are  now  suflTered  largely  to 
run  to  waste. 

5^.  Stdphuret  of  Calcium  is  a  compound  of  sulf^ur  and 
calcium,  which  may  be  formed  by  heating  together  chalk 
and  sulphur  in  a  covered  crucible.  It  is  sometimes  pro- 
duced in  nature,  where  moist  decaying  vegetable  and  ani- 

•  See  Appendix,  p.  15. 
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mal  matters  are  allowed  to  ferment  in  the  presence  of 
gypsam  ;  it  may  sometimes  also  be  detected  in  the  soil, 
and  in  the  waters  of  mineral  springs,  and  is  contained 
largely  in  the  recent  refuse  heaps  of  the  alkali  works.  Like 
the  sulphurets  of  potassium  and  sodium,  already  described, 
it  is  fitted,  when  judiciously  applied,  to  promote  the  growth 
especially  of  those  plants  in  which  sulphur  has  been  recog« 
nised  as  a  necessary  constituent. 

^^.'^Sulphate  of  Lime^  or  gypsum,  is  a  well-known 
white  crystalline  or  earthy  compound,  which  occurs  as 
an  abundant  mineral  deposit  in  numerous  parts  of  the 
globe.  It  is  present  in  many  soils,  is  contained  in  the 
waters  which  percolate  through  such  soils,  and  in  those 
of  springs  which  ascend  from  rocky  beds  in  which  gyp« 
sum  exists,  and  is  detected  in  sensible  proportions  in  the 
ashes  of  many  cultivated  plants.  It  is  extensively  em- 
ployed in  the  arts,  and  in  some  countries  not  less  exten« 
sively  as  a  means  of  promoting  the  fertility  of  the  land.* 

The  gypsum  of  commerce  contains  nearly  21  per  cent, 
of  its  weight  of  water,  which  it  loses  entirely  on  being 
exposed  to  a  red  heat.  In  some  countries,  a  variety  which 
is  almost  entirely  free  from  water  occurs  in  rocky  masses, 
and  is  distinguished  by  the  name  of  Anhydrite. 

Gypsum,  when  burned,  has  the  property  of  being  re- 
duced with  great  ease  into  the  state  of  an  impalpable 
powder.  This  powder,  however,  combines  so  readily  with 
the  21  per  cent,  of  water  it  had  previously  lost,  that  if 
it  be  mixed  with  water  to  the  consistence  of  a  paste  so 
thin  that  it  can  be  poured  into  a  mould,  it  sets  and 
hardens  in  a  few  minutes  into  a  solid  mass.  In  this  way 
burned  gypsum  is  employed  in  making  plaster  casts  and 
cornices. 

Burned  gypsum  consists  of  lime  and  sulphuric  acid  only 
— in  the  proportions  of  41^  of  the  former,  to  58^  of  the 
latter.  Its  use  as  a  manure,  therefore,  will  be  specially  to 
promote  the  growth  of  those  plants  by  which  these  two  sub- 
stances are  more  abundantly  required,  and  upon  soils  in 

*  See  Appendix,  p.  1. 
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which  they  are  already  present  in  comparatively  small  pro- 
portion. 

7^.  Nitrate  of  lAmA. — ^The  production  of  nitrate  of  lime 
in  artificial  nitre-beds,  on  old  walLa,  and  on  the  sides  of 
caves  and  cellars,  especially  in  damp  sitaations,  has  already 
been  alluded  to  in  a  previous  lecture.*  It  may  be  formed 
artificially  by  dissolving  common  limestone  in  nitric  acid, 
and  evaporating  the  solution.  It  constitates  a  white  mass 
which  rapidly  attracts  water  from  the  air,  and  runs  to  a 
liquid.  It  is  produced  naturally,  and  exists,  as  I  believe,  in 
soils  containing  lime,  more  commonly  than  has  hitherto 
been  suspected.  .  Its  extreme  solubility  in  water,  however, 
renders  it  liable  to  be  carried  downwards  into  the  lower 
portions  of  the  soil  by  every  shower  of  rain— or  to  be 
actually  washed  away,  when  long  continued  wet  weather 


When  heated  to  dull  redness  with  vegetable  matter,  the 
nitrate  of  lime  is  decomposed,  and  is  converted  into  carbon- 
ate,  or  when  exposed  alone  to  a  bright  red  heat,  the  nitric 
acid  is  expelled,  and  quick*ltme  alone  remains.  Hence 
where  it  really  exists  in  plants,  it  cannot  be  delected  in  the 
ash, — and  when  present  in  soils,  it  must  be  separated  by 
washing  them  in  water,  before  they  are  exposed  to  a  heat 
sufficient  to  burn  away  the  organic  matter  they  contain. 

The  details  already  entered  into  in  the  preceding  lecture 
(pp.  287  and  245)  regarding  the  general  action  of  nitric 
acid,  in  promoting  the  natural  vegetation  of  the  globe,  ren« 
der  it  unnecessary  for  me  to  dwell  here  on  the  special 
action  of  its  compound  with  lime — more  particularly  as  the 
entire  subject  of  the  action  of  lime  upon  the  land  will 
hereafter  demand  from  us  a  separate  consideration. 

The  nitrate  of  Ume  cannot,  as  yet,  be  formed  by  art,  at 
a  sufficiently  cheap  rate  to  allow  of  its  being  manufactured 
ior  the  use  of  the  agriculturist. 

Phosphates  of  lAmc^Lime  combines  with  phosphoric  acid 
in  several  proportions,  forming  as  many  difi*erent  compounds. 
Of  these  by  far  the  most  important  and  abundant  in  nature— 

•  Leetura  VIU.,  p.  SMS. 
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certainly  the  most  useful  to  the  agriculturist,  is  the  earth  of 
banes.  '  It  will  be  necessary,  howeyer,  to  advert  shortly  to 
two  others,  with  the  existence  of  which  it  is  important  for 
us  to  be  acquainted. 

A.  Earth  of  Bones  is  the  name  given  to  the  white  earthy 
skeleton  that  remains,  when  the  bones  of  animals  are  burned 
in  an  open  fire  until  every  thing  combustible  has  disappeared* 
This  earthy  matter  consists  chiefly  of  a  peculiar  phosphate  of 
lime,  composed  of  51^  per  cent,  of  lime,  and  48^  of  phos- 
phoric acid.  This  compound  exists  ready  formed  in  the 
bones  of  all  animals,  and  is  the  substance  selected  in  the 
economy  of  nature,  to  impart  to  them  their  strength  and  so- 
lidity. It  is  found  in  smaller  quantity  in  those  of  young 
animals,  while  they  are  soft,  and  cartilaginous, — and  the 
softening  of  the  bones,  which  in  after-life  occurs  as  the  result 
of  disease,  is  caused  by  the  unnatural  abstraction  of  a  great- 
er portion  of  this  earthy  matter,  than  is  replaced  by  the 
food. 

This  earthy  phosphate  constitutes  about  57  per  cent,  of 
the  dried  bones  of  the  ox,  is  present  in  lesser  quantity  in  the 
horns,  hoofs  and  nails,  and  is  never  absent  even  from  the 
flesh  and  blood  of  healthy  animals.  It  exists  in  the  seed  of 
many  plants,  in  all  the  varieties  of  grain  which  are  exten- 
sively cultivated  for  food,  and  in  the  ashes  of  most  common 
plants.  The  ashes  of  leguminous,  cruciferous,  and  compo- 
site plants,  are  especially  rich  in  this  compound. 

If  we  consider  that  when  animals  die,  their  bones  are 
chiefly  buried  in  the  earth,  and  that  over  the  entire  globe, 
animal  life,  in  one  or  other  of  its  forms,  prevails,  we  shall 
not  be  surprised  that,  in  almost  every  soil,  the  earth  of  bones 
should  be  found  to  exist  in  greater  or  less  abundance.  Nor 
can  we  have  any  difficulty  in  conceiving,  if  such  be  the  case, 
whence  plants  draw  their  constant  and  necessary  supplies 
of  this  substance. 

At  the  same  time,  it  is  true  of  this  compound,  as  of  all  the 
others  we  have  yet  spoken  of,  as  occurring  in,  and  as  necessa- 
ry to  the  growth  of  vegetables, — that  some  soils  contain  it  in 
greater  abundance  than  others,  and  that  from  some  soils, 
therefore,  certain  plants  will  not  readily  obtain  as  much  of 
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this  substance  as  they  require.     This  is  the  natural  principle 
on  which  the  use  of  bone-dust  as  a  manure  chiefly  depends. 

Hence  of  two  marls  both  containing  carbonate  of  lime — 
that  will  be  most  useful  to  the  land  which  contains  also,  as 
many  do,  a  notable  portion  of  phosphate  of  lime  ;  and  of  two 
limestones,  that  will  be  preferred  in  an  agricultural  district 
in  which  animal  remains  most  abound.  I  shall  have  occasion 
to  illustrate  this  point  more  fully,  when  in  a  subsequent  lee- 
ture  I  come  to  explain  the  natural  origin  of  soils,  and  to 
trace  their  chemical  constituents  to  the  several  rocky  masses 
from  which  they  appear  to  have  been  derived. 

Before  dismissing  this  topic,  however,  there  are  one  or  two 
properties  of  this  bone  earth  which  are  of  practical  impor- 
tance, and  to  which,  therefore,  I  must  shortly  request  your 
attention.  It  is  insoluble  in  water  or  in  solutions  of  so* 
da  or  potash,  but  it  dissolves  readily  in  acids,  such  as  the 
nitric  or  muriatic,  and  also,  though  less  easily  and  abundant- 
ly, in  common  vinegar.  It  exists  in  milk,  and  is  supposed 
to  be  held  in  solution  by  a  peculiar  acid  found  in  this  liquid, 
and  which  is  distinguished  by  the  name  of  laetie  aeid  (acid 
of  milk). 

It  is  slightly  soluble  also  in  a  solution  of  carbonic  acid, 
and  of  certain  other  organic  acids  which  exist  in  the  soil, 
and  it  is  by  means  of  these  acids,  that  it  is  supposed  to  be 
rendered  capable  of  entering  into  the  roots  of  plants.  Where- 
ever  vegetable  matter  exists,  and  is  undergoing  decay  in 
the  soil,  the  water  makes  its  way  to  the  roots  more  or  less 
laden  with  carbonic  acid,  and  thus  is  enabled  to  bear  along 
with  it  not  only  common  carbonate  of  lime,  as  has  been 
shown  in  a  previous  lecture  (p.  60),  but  also  such  a  por- 
tion of  phosphate  as  may  aid  in  supplying  this  necessary 
food  to  the  growing  plant.* 

*  If  to  a  solution  of  bone  earth  in  muriatic  acid  (spirit  of  salt),  liquid 
ammonia  (hartshorn)  be  added,  the  solution  will  become  milky,  and  a 
white  powder  will  fall,  which  is  the  earth  of  bones  in  an  extremely 
minute  state  of  division.  If  this  powder  be  washed  by  repeated  afiii- 
sions  of  pure  water,  and  be  aflerwards  well  shaken  with  water  which  it 
saturatea  with  carbonic  acid,  or  through  which  a  current  of  this  gas  is 
made  to  pass,  a  sensible  portion  of  the  phosphate  will  be  found  to  be 
taken  up  by  the  water.  This  will  appear  on  decanting  the  solution 
and  evaporating  it  tp  drjmess,  when  a  quantity  of  the  white  powder 
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In  the  bones  of  aoimals  the  phonphate  is  associated  with 
animal  gdattne,  which  can  be  partially  extracted  by  boiling 
bones  in  water  under  a  high  pressure.  It  has  been  observed, 
however,  that  the  phosphate,  when  in  a  minute  state  of  di- 
vision, is  slightly  soluble  in  a  solution  of  gelatine,  and  hence 
bones,  from  which  the  jelly  has  been  partially  extracted  by 
boiling,  will  be  deprived  of  a  certain  proportion  of  their 
earthy  matter  also.  They  will  have  lost  their  gelatine, 
however,  in  a  greater  proportion,  and  hence,  if  again  Huy- 
roughly  driedf  they  will  contain  a  larger  per-centage  of 
bone  earth,  than  when  in  their  natural  state.  In  this  coun- 
try, bones  are  seldom  boiled,  I  believe,  either  for  the  jelly 
they  give,  or  as  in  France  and  Germany  for  the  manufac- 
ture of  glue,  though  in  certain  localities  they  are  so  treated 
in  open  vessels  for  the  sake  of  the  oil  they  are  capable  of 
yielding.  Such  boiled  bones  are  said  to  act  more  quickly 
when  applied  to  the  land,  but  to  be  less  permanent  in  their 
effects.  This  may  be  chiefly  owing  to  their  not  being  so 
perfectly  dry  as  the  unboiled  bones.  Being  thus  moist  they 
will  contain,  in  the  same  weight,  a  comparatively  smaller 
quantity  both  of  the  animal  gelatine,  and  of  the  earthy 
phosphate,  while  they  will  also  be  more  susceptible  of 
speedy  decomposition,  when  buried  in  the  soil.* 

In  solutions  of  common  salt  and  of  sal-ammoniac,  the 
earth  of  bones  is  also  slightly  soluble,  and  cases  may  occur 
where  the  presence  of  these  compounds  in  the  soil  may  fa- 
cilitate the  conveyance  of  the  earthy  phosphate  into  the 
roots  of  plants. 

win  remain  behind.  The  mean  of  10  experiments  made  in  this  way 
eave  roe  30  gnans  for  the  quantity  of  phosphate  taken  up  by  an  impe- 
rial gallon  of  water.  What  takes  place  in  this  way  in  our  hands,  hap- 
pens also  in  the  soil.  Not  only  aoes  that  which  enters  the  root  bear 
with  it  a  portion  of  this  compound  where  it  exists  in  the  soil,  but  the 
superabundant  water  also  which  runs  off  the  surface  or  sinks  through 
Co  the  drains,  carries  with  it  to  the  liyers  in  its  course,  a  still  larger 
quantity  of  this  soluble  compound,  and  thus  mdually  lessens  that  sup- 
ply df  phosphate  which  either  exists  naturally  in  the  soil,  or  has  been 
added  as  a  manure  by  the  practical  agriculturist. 

*  The  relative  value  of  crushed  bones  in  these  two  states,  is  indicated 
by  the  price  of  the  unboiled  being  about  7  guineas,  whUe  that  of  boiled 
is  only  about  4  guineas  a  ton. 
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B.  Acid  or  Bi-Pkotphate  of  Zrtnitf.— -When  barned  bones 
are  reduced  to  powder,  and  digested  in  sulphuric  acid  (<h1  of 
▼itriol),  diluted  with  once  or  twice  its  weight  of  water,  the 
acid  combines  with  a  portion  of  the  lime,  and  forms  sulphate 
of  lime  (gypsum),  while  the  remainder  of  the  lime,  and  the 
whole  of  the  phosphoric  acid  are  dissolved*  The  solution, 
therefore,  contains  an  <icid  phosphate  of  lime,  or  one  in 
which  the  phosphoric  acid  exists,  in  much  larger  quantity 
than  in  the  earth  of  bones.  The  true  bi-phosphate,  when 
free  from  water,  consists  of  71^  of  phosphoric  acid,  and  28^ 
of  lime.  It  exists  in  the  urine  of  most  animals,  and  is, 
therefore,  an  important  constituent  of  liquid  manures  of  an- 
imal origin. 

If  the  mixture  of  gypsum  and  acid  phosphate,  above  de- 
scribed, be  largely  diluted  with  water,  it  will  form  a  most  va- 
luable liquid  manure,  especially  for  grass  land,  and  for 
crops  of  rising  corn.  In  this  liquid  state,  the  phosphoric 
acid  will  diffuse  itself  easily  and  perfectly  throughout  the 
soil,  and  there  will  speedily  lose  its  acid  character  by  com- 
bining with  one  or  other  of  the  basic*  substances,  almost 
always  present  in  every  variety  of  land. 

Or  if,  to  the  solution  before  it  is  applied  to  the  land,  a 
quantity  of  pearl-ash  be  added  until  it  begin  to  turn  milky, 
a  mixture  of  the  phosphates  with  the  sulphates  of  lime  and 
of  potash  will  be  obtained,  or — ^if  soda  be  added  instead  of 
potash— of  the  phosphates  with  the  sulphates  of  lime  and  of 
soda  ;  either  of  which  mixtures  will  be  still  more  efficacious 
upon  the  land,  than  the  solution  of  the  acid  phosphates  alone. 

Or  to  the  solution  of  bones  in  the  acid,  the  potash  or  soda 
may  be  added  without  further  dilution,  and  the  whole  then 
dried  up  by  the  addition  of  charcoal  powder,  or  even  of  ve- 
getable mould,  till  it  is  in  a  sufficiently  dry  state  to  be 
scattered  with  the  hand  as  a  top-dressing,  or  buried  in  the 
land  by  means  of  a  drill. 

I  have  above  alluded  to  the  employment  of  bones  in  France 

•  This  word  has  already  been  used  and  explained — ^it  is  applied  to 
potash,  soda,  ammonia,  lime,  ma^esia,  and  other  substances,  which 
nave  the  property  of  combining  with  acids  (sulphuric,  nitric,  &c.)  and 
of  thus  netUrdUzing  them,  or  depriving  them  of  their  acid  qualities  and 
effects. 
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uid  Germany,  for  the  manufacture  of  glue.  For  this  pur- 
pose, the  broken  bones  are  digested  in  weak  muriatic  acid, 
by  which  the  earthy  matter  is  dissolved,  and  the  gelatine 
left  behind.  The  gelatinous  skeleton  is  boiled  down  for 
glue,  and  the  solution  of  the  bone  earth  is  thrown  away. 
This  solution  contains  a  mixture  of  the  acid  phosphate  of 
lime,  with  chloride  of  calcium, — and  might  be  used  up  in 
any  of  the  ways  aboye  described,  with  manifest  benefit  to 
the  land.  The  glue  prepared  by  this  method,  however,  is 
said  to  be  inferior  in  quality,  and  as  the  process  is  not 
adopted  in  this  country,  the  opportunity  of  making  an  eco- 
nomical application  of  this  waste  material,  is  not  likely  to 
be  often  presented  to  the  English  farmer. 

C.  Native  Phosphate  of  Lime  or  Apaiite.-^\n  Bome  parts 
of  the  world,  a  hard  mineral  substance,  commonly  known 
by  the  name  of  Apatite,  occurs  in  considerable  quantity. 
It  consists  chiefly  of  a  phosphate  of  lime,  which  differs  but 
slightly  in  its  constitution  from  the  earth  of  bones^— con- 
taining 54^  per  cent,  of  lime,  while  the  latter  contains  only 
51^  per  cent.  The  composition  of  this  mineral  would  lead 
us  to  expect  it  to  possess  a  favourable  action  upon  vegeta- 
tion, and  this  anticipation  has  been  confirmed  by  some  ex- 
periments made  with  it  on  a  limited  scale  by  Sprengel.* 

It  occurs  occasionally  in  mineral  veins,  especially  such 
as  are  found  in  the  granitic  and  slate  rocks.  Masses  of  it 
are  met  with  in  Cumberland,  in  Cornwall,  in  Finland,  in  the 
iron  mines  of  Arendahl  in  Norway,  and  in  many  other  lo- 
calities. A  variety  of  it  distinguished  by  the  name  of 
phospJiorite  is  said  to  form  beds  at  Schlachenwalde  in  Bohe- 
mia, and  in  the  province  of  Estremadura  in  Spain.  From 
the  last  of  these  localities  being  the  most  accessible,  the 
time  may  come  when  the  high  price  of  bones  may  induce 
our  enterprising  merchants  to  import  it — for  the  purpose  of 
being  employed  in  a  finely  powdered  state  as  a  fertilizer  of 
the  land. 

*  Sprengd,  Ckemie  L,  p.  64. 
PABT  n. — ^26. 
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Inorganic  constituents  of  plants  continued.  Magnesia,  Alumina,  Si- 
lica, and  the  Oxides  Ot  uron  and  Manganese.  Tabular  view  of  the 
constitution  of  the  inorganic  substances  described.  Proportions  in 
which  these  seycaral  substances  are  found  in  the  plants  ciutivated  for 
food.  Extent  to  which  these  plants  exhaust  the  soil  of  inorganic  Te- 
getable  food.    State  in  which  the  inorganic  elements  exist  in  plants. 

§  1.     Inorganic  congtituents  of  plants  continued, 

Vm. ^HAONESIUM,  HAONESIA,   CABBONATE,   SULPHATE,  KI- 

TBATE,   AND     PHOSPHATE    OF   MAGNESIA,    CHLOBIDE     OF 
MA6NE8IUH. 

1  ^,  Carbonate  of  Magnesia  is  a  tasteless  earthy  compound* 
which  in  some  parts  of  the  world  forms  rocky  masses  and 
veins  of  considerable  height  and  thickness.  It  occurs  more 
largely,  however,  in  connection  with  carbonate  of  lime  in 
the  magnesian  limestones,  so  well  known  in  the  eastern  and 
northern  parts  of  England, — and  in  similar  rocks,  distin- 
guished by  the  name  of  dolomites  or  of  dolomitic  limestones, 
in  various  coim tries  of  Europe.  The  pure,  exceedingly 
light,  white  magnesia  of  the  shops,  is  partly  extracted  from 
the  magnesian  limestone,  and  partly  from  the  mother  liquor 
of  the  salt  pans,  which  generally  contains  much  magnesia. 

When  pure  and  dry,  carbonate  of  magnesia  consists  of 
4d|-  of  magnesia,  and  5 If  of  carbonic  acid.  It  dissolves 
readily  in  diluted  acids  (sulphuric,  muriatic,  and  acetic),  the 
carbonic  acid  at  the  same  time  escaping  with  effervescence. 

Existing  as  it  does  in  many  solid  rocks,  this  carbonate 
of  magnesia  may  be  expected  to  be  present  in  the  soil,  and 
it  is  found  in  the  ashes  of  many  plants;  Of  the  ashes  of 
some  parts  of  plants  it  constitutes  one-sixth  of  the  entire 
weight. 

When  exposed  to  the  air  in  a  finely  divided  state,  it  gra- 
dually absorbs  a  quantity  of  moisture  from  the  atmosphere, 
equal  to  two-thirds  of  its  own  weight.  In  this  state,  it  dis- 
solves in  48  times  its  weight  of  water,  though,  when  dry,  it 
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is  nearly  inaolnble.  Like  carbonate  of  lime  it  is  also  soluble 
in  water  impregnated  with  carbonic  acid,  but  in  a  somewhat 
greater  degree.  In  this  state  of  solution,  it  may  be  readily 
carried  into  the  roots,  and  be  the  means  of  supplying  to  the 
parts  of  living  vegetables  a  portion  of  that  magnesia  which 
is  necessary  to  their  perfect  growth. 

Soils  containing  much  of  this  carbonate  of  magnesia, 
are  said  to  be  highly  absorbent  of  moisture,  and  to  this 
cause  is  ascribed  the  coldness*  of  such  soils.  This  opinion 
is,  however,  open  to  doubt. 

2^.  Magnesia  or  Caustic  Magnesia^  the  calcined  magnesia 
of  the  shops* — When  the  carbonate  of  magnesia  is  heated  to 
redness  in  the  open  air,  it  parts  with  its  carbonic  acid  much 
more  readily  than  lime  does,  and  is  brought  into  the  state  of 
pure  or  caustic  magnesia.  In  this  state  it  does  not  occur  in 
nature,  but  it  is  occasionally  met  with  in  combination 
with  about  80  per  cent,  of  water.  When  magnesiair 
limestones  or  dolomites  are  burned,  the  quick-lime  obtained 
often  contains  caustic  magnesia  also  in  considerable  quan- 
tity. This  mixture  is  frequently  applied  to  the  land,  and, 
as  is  well  known  in  many  parts  of  England,  with  injurious 
efiects,  if  laid  on  in  too  large  quantities.  The  cause  of 
this  hot  or  burning  nature,  as  it  is  called,  of  magnesian 
lime,  is  not  very  satisfactorily  ascertained.  I  shall,  how« 
ever,  state  two  or  three  facts,  which  may  assist  in  conduct- 
ing us  to  the  true  cause. 

1°.  Quick-lime  dissolves  in  750  times  its  weight  of 
water,  at  the  ordinary  temperature  of  the  atmosphere, 
while  pure  magnesia  requires  5142  times  its  weight. 
The  magnesia,  therefore,  is  not  likely  to  injure  living 
plants  direcUy  by  entering  into  their  roots  in  its  caustic 
state,  since  lime  which  is  seven  times  more  soluble  pr<^ 
duces  no  injurious  effect. 

2^.  It  seems  to  be  the  result  of  exp^rieuce,  that  mag- 
nesia in  the  state  of  carbonate  is  but  slightly  injurious  to 
the  land ;  some  deny  that  in  this  state  it  has  any  injurious 
effect  at  all.  This  I  fear  is  doubtful ;  we  may  infer,  how- 
ever, with  some  degree  of  probability,  that  it  is  from  some 

•  Sprengel,  Chende  I.,  p.  645. 


296      CAUSES  OF  ITS  PBCtrUAR  ACTION  UPON  YS6ETATI0N. 

property  possessed  by  magnesia  in  the  caastic  state,  and 
not  possessed,  or  at  least  in  an  equal  degree,  either  by  quick- 
lime  or  by  carbonate  of  magnesia,  that  its  evil  influence  is 
chiefly  to  be  ascribed. 

3^.  When  exposed  to  the  air,  quick-lime  speedily  absorbs 
water  and  carbonic  acid  from  the  air,  forming  first  a  hydrate^ 
in  fine  powder,  and  then  a  carbonate.  Caustic  magnesia 
absorbs  both  of  these  more  slowly  than  lime  does,  and  in 
the  presence  of  the  latter,  or  when  mixed  with  it,  must  ab- 
sorb them  more  slowly  still,  since  the  lime  will  seize  on  the 
greater  portion  of  the  moisture  and  carbonic  acid  which  ex- 
ists in  the  air,  immediately  surrounding  both.  When  slaked 
in  the  air  also,  the  lime  may  be  transformed  in  great  part 
into  carbonate  while  the  magnesia  still  remains  in  the  state 
of  hydrate,  and  it  is  a  property  of  this  hydrate  to  attract 
carbonic  acid  more  feebly  and  slowly,  even  than  the  newly 
burned  magnesia  as  it  comes  from  the  kiln.  Hence  when 
buried  in  the  soil,  after  the  lime  has  become  nearly  all  trans- 
formed into  carbonate,  the  magnesia  may  still  be  all  either 
in  the  dry  caustic  state,  or  in  that  of  a  hydrate  only. 

4°.  Now  there  exist  in  the  soil,  and  probably  are  exuded 
from  the  living  roots,  various  acid  substances,  both  of  or- 
ganic and  of  inorganic  origin,  which  it  ia  one  of  the  func- 
tions of  lime,  when  applied  to  the  land,  to  combine  with 
and  render  innoxious.  But  these  acid  compounds  unite 
rather  with  the  caustic  magnesia,  than  with  the  lime  which 
is  already  in  combination  with  carbonic  acid~and  form 
9alU^  which  generally  are  much  more  soluble  in  vKUer  than 
the  compounds  of  lime,  with  the  same  acids.  Hence  the 
water  that  goes  to  the  roots,  reaches  them  more  or  less 
loaded  with  magnesian  salts,  and  carries  into  the  vegetable 
circulation  more  magnesia  than  is  consistent  with  the 
healthy  growth  of  the  plcmt. 

*  Compounds  of  substances  with  water  are  called  kydraUs  (from 
the  Greek  word  for  water.)  Thus  slaked  lime,  a  compound  of  lime 
with  water,  is  called  hydrate  of  Urns — and  the  native  compound  (Mfmajg- 
nesia  with  water,  alluded  to  in  the  text,  is  called  kydrale  of  magnesia. 

t  Compounds  of  the  6ase5,--|>otash,  soda,  lime,  magnesia,  dec, — with 
acu2s,— sulphuric,  muriatic,  nitric,  acetic  (or  vinegar),  &c, — are  called 
salts. 
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It  is  hazardous  to  reason  from  the  phenomena  of  animal 
to  those  of  vegetable  physiology^  yet  i£  lime  *and  magnesia 
hare  the  power  of  differently  affecting  the  animal  economy, 
why  may  they  not  idso  very  differently  affect  the  vegetable 
economy  ?  And  since  in  the  same  circumstances,  and  in 
combination  with  the  substances  they  meet  with  in  the 
same  soils,  magnesia  is  capable  of  entering  more  largely 
into  a  plant  by  its  roots — ^may  not  magnesia  be  considered 
capable  of  poisoning  a  plant,  when  lime  in  the  same  condi* 
tion  would  only  improve  the  soil  ? 

I  have  said  that  it  may  be  doubted  whether  magnesia  in 
the  state  of  carbonate  is  wholly  unhurtful  to  the  land* 
This  doubt  rests  on  the  fact  that  the  magnesia  retains  its 
carbonic  acid  more  feebly  than  lime  does— and  therefore  its 
carbonate  is  the  more  easily  decomposed  when  an  acid  body 
comes  in  contact  with  both.  Though,  therefore,  the  mag- 
nesian  carbonate  will  not  lay  hold  of  all  acid  matter  so 
readily  and  surely  as  caustic  magnesia  may,  still  occasions 
may  occur  where  acid  matters  being  abundant  in  the  soil, 
so  much  carbonate  of  magnesia  may  be  decomposed  and 
dissolved  as  to  render  the  water  absorbed  by  its  roots  de* 
strnctive  to  the  health  or  life  of  a  plant* 

In  reference  to  this  point,  however,  it  must  be  distinctly 
understood,  that  magnesia  is  one  of  the  kinds  of  inorganic 
food  most  necessary  to  plants,  that  a  certain  quantity  of  it 
in  the  soil  is  absolutely  necessary  to  the  growth  of  nearly 
all  cultivated  plants,  and  that  it  is  only  when  it  is  conveyed 
to  the  roots  in  too  large  a  quantity,  that  it  proves  injurious 
to  vegetable  life.  -^ 

b^.  Magnesium  is  the  metallic  basis  of  magnesia.  Little 
is  known  of  its  properties,  owing  to  the  difficulty  of  prepar- 
ing it  in  any  considerable  quantity  for  the  purpose  of  ex- 
periment It  is  a  white  metal,  which,  when  heated  in  the 
air,  takes  fire  and  burns,  combining  with  the  oxygen  of  the 
atmosphere,  and  forming  magnesia.  It  is  not  known  to 
occur  in  nature  in  an  elementary  form,  and  therefore  is  not 
supposed  directly  to  influence  vegetation. 

6°.  Chloride  of  Magnesium.'-^hen  calcined  or  carbon- 

26* 
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ated  magnesia  is  dissolved  in  muriatic  acid,  and  the  acHn* 
tion  evaporated  to  dryness,  a  white  mass  is  obtained  which 
is  a  chloride  of  magnesium^  consisting  of  magnesium  and 
chlorine  only.  This  compound  occurs  not  unfrequently  in 
the  soil,  associated  with  chloride  of  calcium.  It  is  met 
with  also  in  the  ash  of  plants,  while  in  sea  water,  and  in 
that  of  some  salt  lakes,  it  exists  in  very  considerable  quan- 
tity. Thus  100  parts  of  the  water  of  the  Atlantic  have 
been  found  to  contain  8^  of  chloride  of  magnesium,  while 
that  of  the  Dead  Sea  yields  about  24  parts  of  this  compound.* 
Hence  it  is  present  in  great  abundance  in  the  mother  liquor 
of  the  salt  pans,  and  it  is  from  the  refuse  chloride  in  this 
liquor  that  the  magnesia  of  the  shops,  as  above  stated,  is 
frequently  prepared. 

The  chloride  of  magnesium  has  not  hitherto  been  made 
the  subject  of  direct  experiment  as  a  fertilizer  of  the  land. 
From  the  fact,  however,  that  plants  require  much  magnesia 
and  some  chlorine,  there  is  reason  to  believe  that  if  cautious- 
ly applied,  it  might  prove  beneficial  in  some  soils,  and  espe- 
cially to  grain  crops.  Its  extreme  solubility  in  water,  how- 
ever, suggests  the  use  of  caution  in  its  application.  The 
safest  method  is  to  dissolve  it  in  a  large  quantity  of  water,  and 
to  apply  it  to  the  young  plant  by  means  of  a  water-cart. 
In  this  way  the  refuse  of  the  salt  works  might,  in  some  lo- 
calities, be  made  available  to  useful  purposes. 

The  chloride  of  magnesium  is  decomposed  both  by  quick- 
lime and  by  carbonate  of  lime ;  hence  when  applied  to  a 
soil  containing  lime  in  either  of  these  states,  chloride  of  cal- 
cium and  caustic  or  carbonated  magnesia  will  be  produced. 

7°.  Nitrate  of  Magnesia  is  formed  by  dissolving  carbon- 
ate of  magnesia  in  nitric  acid,  and  evaporating  the  solution. 
It  attracts  moisture  from  the  air  with  great  rapidity,  and 
runs  into  a  liquid.  It  is  probably  formed  naturally  in  soils 
containing  magnesia,  in  the  same  way  as  nitrate  of  lime  is 
known  to  be  produced  in  soils  containing  lime.f  No  direct 
experiments  have  yet  been  made  as  to  its  effects  upon  vegeta- 

*  100  parts  of  the  water  of  the  Dead  Sea  contain  also  about  10|  of 
chloride  of  calcium,  and  nearly  8  of  common  salt. 

t  See  Lecture  YIIL,  p.  337. 
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tion ;  but  there  can  be  no  doubt  that  it  would  prove  highly 
beneficial,  could  it  be  procured  at  a  sufficiently  cheap  rate 
to  admit  of  its  economical  application  to  the  land. 

8°.  SuLphate  of  Magnesia — the  common  Epsom  salts  of 
the  shops— is  formed  by  dissolving  carbonate  of  magnesia 
in  diluted  sulphuric  acid.  It  exists  in  nearly  all  soils  which 
are  formed  from,  or  are  situated  in,  the  neighbourhood  of 
rocks  containing  magnesia.  In  some  soils  it  is  so  abundant 
that  in  dry  weather  it  forms  a  white  efflorescence  on  the 
surface.  This  has  been  observed  to  take  place  in  Bohemia, 
Hungary,  and  parts  of  Germany,  and  it  may  be  frequently 
seen  in  warm  summer  weather  in  the  neighbourhood  of 
Durham.* 

This  salt  has  been  found  by  Sprengel  to  act  upon  vegeta- 
tion precisely  in  the  same  way  as  gypsum  does,  and  on  the 
same  kind  of  plants.  It  must  be  used,  however,  in  smaller 
quantity,  owing  to  its  great  solubility.  Its  higher  price  will 
prevent  its  ever  being  substituted  for  gypsum,  as  a  top-dres* 
sing  for  clover,  6cc.,  but  it  is  worth  the  trial,  whether  corn 
plants,  the  grain  of  which  contains  much  magnesia,  might 
not  be  benefitted  by  the  application  of  a  small  quantity  of 
this  sulphate— -along  with  such  other  substances  as  are  ca- 
pable of  yielding  the  remaining  constituents  which  compose 
the  inorganic  matter  of  the  grain.  Its  price  is  not  too  high 
to  admit  of  this  more  restricted  application.f 

9^.  Phosphate  of  Magnesia. — Magnesia  exists  in  combi- 
nation with  phosphoric  acid,  in  the  solids  and  fluids  of  all 
animals,  though  not  so  abundantly  as  the  phosphates  of 
lime.  In  most  soils  phosphate  of  magnesia  is  probably  pre- 
sent in  minute  quantity,  since  in  the  ashes  of  some  varieties 
of  grain  it  is  found  in  very  considerable  proportion. 

•  It  occasionally  collects  beneath  the  plaster  of  old  walls  in  Dur- 
ham. ^  In  one  of  the  lower  rooms  of  the  old  Elxchequer  building,  I 
found  it  forming  an  extensive  layer  nearly  half  an  inch  thick,  beneath 
the  damp  plaster.  The  magnesia  is  derived  from  the  magnesian  lime- 
stone, used  both  for  mortar  and  for  a  building  stone. 

t  Its  price  in  Newcastle  in  the  state  of  crystals,  is  about  lOs.  a 
cwt.  The  impure  salt  collected  at  the  alum  works  on  the  Yorkshire 
coast,  might  be  obtained,  I  should  suppose,  for  little  more  than  half 
this  price. 
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Its  action  upon  vegetation  has  never  been  tried^ectly,  bot 
as  it  exists  in  urine,  and  in  most  animal  manures — a  portion 
of  their  efficacy  may  be  due  to  its  presence.  In  turf  ashes, 
which  often  prove  a  valuable  manure,  it  is  sometimes  met 
with  in  appreciable  quantity,  and  their  beneficial  operation 
in  such  cases  has  been  attributed  in  part  to  the  agency  of 
this  phosphate. 

IX.— ALVKINnnC,   ALITXINA,   SULFHATB   AlfD  PH08PHATB 

OF   ALUMINA — AUIM* 

l^.  Aluminium  is  another  of  those  rare  and  little  known 
metals,  the  existence  of  which  was  established  by  Sir  H. 
Dnvy.  in  combination  with  oxygen  it  forms  ahtmmoi  and  in 
this  state  it  exists  in  such  abundance  in  nature,  as  to  form  a 
large  portion  of  the  entire  crust  of  the  globe. 

2°.  Aluminaf  the  earth  of  Alum, — When  common  alum  is 
dissolved  in  water,  and  a  solution  of  carbonate  of  soda  or  of 
ammonia  is  added  to  it,  a  bulky  white  powder  falls,  which 
when  collected  on  a  filter,  well  washed  and  dried,  is  nearly 
pure  alumina.  This  substance  occurs  on  the  surface  of  the 
earth  in  a  pure  state  only  in  some  rare  minerals,  such  as  the 
corundum,  the  sapphire,  and  the  ruby, — but  it  constitutes  a 
large  proportion  of  all  the  slaty  and  shaley  rocks.  It  is  the 
principal  ingredient  also  of  all  clays  (pipe-clay  for  example) 
and  clayey  soils,  which  increase  in  tenacity  in  proportion 
to  the  quantity  of  alumina  they  contain. 

When  pure,  it  is  a  white  tasteless  earthy  substance,  which 
adheres  to  the  tongue,  has  a  density  of  2*00,  and  is  insoluble 
in  water,  but  dissolves  readily  in  caustic  potash  and  soda  and 
in  most  acids,  at  least  when  newly  thrown  down  from  a  solu- 
tion of  alum.  When  heated  to  redness,  however,  it  becomes 
hard  and  dense,  as  in  burned  clay  and  fire  bricks,  and  can 
then  only  be  dissolved  with  extreme  difficulty,  even  by  the 
strongest  acids.  Though  it  exists  so  largely  in  the  soil,  it 
contributes  but  little  in  a  direct  manner  to  the  nourUhmeni 
of  plants.  The  ash  they  leave  contains  in  general  but  a  very 
small  per-centage  of  alumina,  as  will  more  clearly  appear 
hereafter,-— the  principal  agency,  therefore,  of  this  ingredient 
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of  the  soil  is  most  probably  of  an  indirect,  perhaps  of  a  me- 
chanical kind. 

It  has  been  stated  in  a  preceding  Lectare  (p.  28),  that 
charcoal  has  the  property  of  absorbing  gaseous  substances, 
such  as  ammonia,  from  the  atmosphere,  and  that  the  action  of 
charcoal  powder,  in  promoting  vegetation,  has  been  in  a 
great  measure  ascribed  to  this  property.  The  same  proper- 
ty, we  have  also  seen  (p.  202),  is  ascribed  to  gypsum,  and 
hence  its  fertilizing  action  has  been  explained  in  a  similar 
way.  Alumina  is  said  to  be  equally  absorbent  of  ammonia  ; 
and  the  use  of  burned  clay  as  a  top-dressing,  so  strongly  re- 
commended by  General  Beatson,*  is  ascribed  to  its  power  of 
abstracting  ammonia  from  the  air,  and  fixing  it  in  the  soil 
ready  to  be  conveyed  by  the  rains  to  the  roots  of  the  plants 
that  grow  upon  it  ^Liebi^,  p.  90).  It  has  been  already 
shown  (p.202,  note),  tnat  this  mode  of  accounting  for  the  ac- 
tion of  gypsum  is  not  satisfactory  as  a  sole  cause — in  the 
case  of  alumina,  the  fact  of  its  absorbing  ammonia  is  hypo- 
thetical,f  and  therefore  the  explanation  founded  upon  this 
fact  is  not  to  be  implicitly  relied  upon. 

8^.  Stdphate  of  Alumina. — ^When  alumina  is  digested  in 
diluted  sulphuric  acid,  it  readily  dissolves,  and  forms  a  solu- 
tion of  sulphate  of  alumina.  This  solution  is  characterized 
by  a  remarkable  and  almost  peculiar  sweetish  astringent 
taste.  When  evaporated  to  dryness  it  yields  a  white  salt, 
which  dissolves  in  twice  its  weight  of  water  only,  and  when 
exposed  to  the  air,  attracts  moisture  rapidly,  and  spontane- 
ously runs  to  a  liquid.  This  salt  exists  in  some  soils,  es- 
pecially in  those  of  wet,  marshy,  and  peaty  lands. 


*  New  SifsUm  of  CvUvoaiion.    LondoUi  1830. 

t  Because  clajrg  of  many  Yarieties^pipe'Clay  for  example— contain 
traces  of  ammonia,  which  they  evolve  wnen  moistened  with  a  solution 
of  caustic  potash, — ^it  is  inferred  that  they  have  absorbed  this  ammonia 
from  the  atmosphere.  The  same  inference  is  drawn  from  the  fact  oS  its 
presence  in  oxide  of  iron.  Liebig*s  Organic  Chemistny  applied  to  Agri- 
cuUwrej  p.  89. — In  neither  case  does  the  mference  appear  to  me  to  be  ne- 
cessary. Much  of  the  ammonia  may  have  been  formed  in  the  soil,  du- 
ring the  oxidation  of  the  iron  itself,  ordurine  the  decay  of  vegetable  and 
animal  substances. — Bee  above,  Leeitxat  Y  UL,  p.  S3o. 
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No  experiments  have  yet  been  made  with  the  view  of  de- 
termining its  direct  influence  upon  vegetation. 

4°.  Phosphaies  of  Alumina* — In  combination  with  phos- 
phoric acid,  alumina  forms  one  compound  well  known  to 
mineralogists,  by  the  name  of  wavelliie.  This  mineral,  how- 
ever, occurs  in  too  small  quantity,  to  be  an  object  of  inter- 
est to  the  agriculturist. 

Phosphoric  acid  is  disseminated  in  some  form  or  other 
throughout  our  clayey  soils,  though  in  very  small  and  varia- 
ble quantity.  It  is  most  probable  that  in  these  soils  a  por- 
tion of  the  acid  at  least,  is  in  combination  with  the  alumina 
in  the  state  of  phosphate.  One  of  the  most  diflEicult  problems 
in  analytical  chemistry  is  to  effect  a  perfect  separation  of  a 
small  proportion  of  phosphoric  acid  from  alumina,  and  rigor- 
ously to  estimate  its  quantity;  hence  in  the  greater  part  of  the 
analyses  of  soils  hitherto  published,  this  most  important  in- 
gredient in  a  fertile  soil  (the  phosphoric  acid),  when  in  com- 
bination with,  or  in  presence  of  alumina,  has  either  been  alto- 
gether neglected,  or  rudely  guessed  at,  or  indicated  by  a  rough 
approximation  only.  We  have  no  direct  proof,  therefore,  of 
the  extent  to  which  the  pho^hates  of  alumina  exist  in  dif- 
ferent soils. 

5°.  Alum, — ^The  common  alum  of  the  shops  owes  its  well 
known  sweetish  astringent  taste  to  the  presence  of  the  above 
sulphate  of  alumina.  It  consists  in  100  parts  of  about  40  of 
sulphate  of  alumina,  14^  of  sulphate  of  potash,*  and  45^  of 
water.  Alum  is  formed  naturally  on  many  parts  of  the 
earth's  surface,  especially  as  an  efflorescence  on  certain  8oils« 
and  on  some  rocks  when  exposed  to  the  air, — as  on  the  alum 
shales  of  the  Yorkshire  coast.  It  is  largely  manufactured 
by  calcining,  and  afterwards  washing  these  alum  shales. 

Alum  has  not  been  extensively  tried  as  a  manure.  Its 
composition,  however,  would  lead  us  to  expect  it  to  exert  a 
beneficial  influence  on  the  growth  of  many  plants— while 
the  price,  especially  of  the  less  pure  varieties,  is  such  as  to 
admit  of  its  being  applied  to  the  land  at  a  comparatively  small 
cost.    From  some  experiments  made  on  a  small  scale,  S{Hren- 


t  Described  p.  277. 
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gel  considen  it  highly  worthy  the  attention  of  the  practical 
agricultttriflt. 

X. — SILICON,   SILICA,   SILICATES   OF     POTASH,   OF  SODA,    OF 
LIKB,   OF   MAGNB8IA,   AND   OF   ALUMINA. 

1^.  SUica, — ^The  chief  ingredient  inall  sand-stones  and  in 
nearly  all  sands  and  sandy  soils,  is  known  to  chemists  by  the 
name  of  silica.  FUnts  are  nearly  pure  silez  or  silica— com- 
mon quartz  rock  is  another  form  of  the  same  substance^while 
the  colourless  and  more  or  less  transparent  varieties  of  rock 
crystal  and  chalcedony  present  it  in  a  state  of  almost  perfect 
purity.  It  exists  abundantly  in  almost  all  soils,  constituting 
what  is  called  their  sUiciaus  portion,  and  is  found  in  the  ashes 
of  all  plants  without  exception,  but  especially  in  those  of  the 
grasses.  Silica  is  without  colour,  taste,  ol*  smell,  and  can* 
not  be  melted  by  the  strongest  heat.  As  it  occurs  in  the  min- 
eral kingdom — in  the  state  of  flint,  of  quartz,  or  of  sand — it 
is  perfectly  insoluble  in  pure  water,  either  cold  or  hot,  does 
not  dissolve  in  ^acid  and  very  slowly  in  alkaline  solutions. 
When  mixed  with  potash,  soda,  or  lime,  and  heated  in  a  cru- 
cible to  a  high  temperature,  it  melts  and  forms  a  glass.  TFin- 
dow  and  jdate  glass  consists  chiefly  of  silica,  lime,  and  soda, 
^nt  glass  contains  litharge  [oxide  of  lead]  in  place  of  the  lime* 
But  though  the  various  forms  of  more  or  less  pure  silica, 
which  are  met  with  in  the  mineral  kingdom,  are  absolutely 
insoluble  in  water,  yet  it  sometimes  occurs  in  nature,  and 
can  readily  be  prepared  in  a  state  in  which  pure  water,  and 
even  acid  solutions,  will  take  it  up  in  considerable  quantity. 
In  this  state  it  may  be  obtained  by  reducing  crown-glass  to 
a  fine  powder,  and  digesting  it  in  strong  muriatic  acid,  or  by 
melting  quartz  sand  in  a  large  quantity  of  potash  or  soda, 
and  afterwards  treating  the  glass  that  is  formed  with  diluted 
muriatic  acid. 

Silica  is  one  of  the  most  abundant  substances  in  nature, 
and  in  combination  with  potash,  soda,  lime,  magnesia,  and 
alamina,  it  forms  a  large  portion  of  all  the  so-called  crystalline 
(granitic,  basaltic,  dec.)  rocks.  The  compounds  of  silica,  with 
these  bases,  are  called  silicates.  By  the  action  of  the  air, 
and  other  causes,  these  silicates  undergo  decomposition,  as 
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glass  does  when  digested  with  muriatic  acid,  and  the  silica 
is  separated  in  the  soluble  state.  Hence  its  presence  in 
considerable  quantity  in  the  waters  of  many  mineral  and  es- 
pecially hot  mineral  springs,  and  in  appreciable  proportion 
in  nearly  all  waters  that  rise  from  any  considerable  depth 
beneath  the  surface,  or  have  made  their  way  through  any 
considerable  extent  of  soil. 

In  the  substance  of  living  vegetables  it  exists,  for  the 
most  part,  in  this  state  of  combination — as  well  as  in  the 
form  of  an  extremely  delicate  tissue,  of  which  the  fibres  are 
exceedingly  minute,  and  therefore  expose  a  large  surface 
to  the  action  of  any  decomposing  agent,  or  of  any  liquid 
capable  of  dissolving  it.  In  the  compost  heaps  these  sili- 
cates undergo  decomposition, — and  the  more  readily  the 
less  they  have  been  previously  dried,  or  the  greener  they 
are, — and  the  silica  of  the  plant  is  liberated  in  a  sduble 
state.  Whether  or  not,  when  thus  liberated,  it  will  be  car- 
ried, tmcombined^  into  the  roots  of  the  plants  by  the  water 
they  absorb,  will  depend  upon  the  quantity  of  potash  or  soda 
in  the  compost  or  in  the  soil,  and  upon  other  circumstances 
hereafter  to  be  explained. 

2°.  Silicon  is  known  only  in  the  state  of  a  dark  brown 
powder,  which  has  not  as  yet  been  met  with  in  nature  in  an 
elementary  form,  and  is  prepared  by  the  chemist  with  con- 
siderable difficulty.  When  heated  in  the  air,  or  in  oxygen 
gas,  it  burns,  combines  with  oxygen,  and  is  converted  into 
silica.  Silica,  therefore,  in  its  various  forms,  is  a  compoand 
of  silicon  with  oxygen.  It  consists  of  48  per  cent,  of  the 
former  and  62  per  cent,  of  the  latter. 

9^.  Silicates  of  Potash  and  Soda, — When  finely  powdered 
quartz,  flint,  or  sand  is  mixed  with  from  one-half  to  three 
times  its  weight  of  dry  carbonate  of  potash  or  soda,  and  ex- 
posed to  a  strong  heat  in  a  crucible,  it  readily  unites  with  the 
potash  or  soda,  and  forms  a  glass.  This  glass  is  a  silicate  or  a 
mixture  of  two  or  more  silicates  of  potash  or  soda.  Silica 
combines  with  these  aUcalie^  in  various  proportiona  If  it  be 
melted  with  much  potash,  the  glass  obtained  will  be  readily 

*  Potash,  soda,  and  ammonia  are  called  dlkdUes ;  lime  and  magnesia 
are  aXkaUne  earths.    See  Lectuze  III.,  p.  67,  note. 
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soluble  in  water ;  if  with  little,  tbe  silioate  which  is  formed 
will  resist  the  action  of  water  for  any  length  of  time.  Win- 
dow and  plate-glass  contain  much  silicate  of  potash  or  soda. 
A  large  quantity  of  alkali  renders  these  varieties  of  glass  more 
fusible  and  more  easily  worked,  but  at  the  same  time  makes 
them  more  susceptible  of  corrosion  or  tarnish  by  the  action 
of  the  air. 

The  insoluble  silisates  of  potash  and  soda  exist  also  in  many 
mineral  substances.  In  the  felspar  and  mica,  of  which  gra- 
nite in  a  great  measure  consists,  they  are  present  in  consid- 
erable quantity.  The  former  (felspar)  contains  one-third  of 
its  weight  of  an  insoluble  silicate  of  potash,  consisting  of 
nearly  equal  weights  of  potash  and  silica.  In  the  variety 
called  aliUe  or  deavelandile^  silicate  of  soda  alone  is  found, 
while  in  some  other  varieties  a  mixture  of  both  silicates  is 
present.  In  mica  from  12  to  20  per  cent  of  the  same  sili- 
cate of  potash  occurs,  but  soda  can  rarely  be  detected  in  this 
mineral.  The  trap-rocks  also  (whin,  basalt,  green-stone),  so 
abundant  in  many  parts  of  our  island,  consiBt  almost  entirely 
of  silicates*  Among  these,  however,  the  silicates  of  potash 
and  soda  rarely  exceed  6  or  6  per  cent,  of  the  whole  weight 
of  the  rock,  and  are  often  entirely  absent. 

These  insoluble  silicates  abo  exist  in  the  stem  and  leaves 
of  nearly  all  plants.  They  are  abundant  in  the  stems  of  the 
grasses,  especially  in  the  straw  of  the  cultivated  grains,  and 
form  a  large  proportion  of  the  ash  which  is  left  when  these 
stems  are  burned  (p.  261.) 

It  is  important  to  the  agriculturist  to  understand  the  rela- 
tion which  the  carbonic  acid  of  tbe  atmosphere  bears  to  these 
alkaline  silicates  which  occur  in  the  mineral  and  vegetable 
kingdom.  Insoluble  as  they  are  in  water,  they  are  slowly  de- 
composed by  the  united  action  of  the  moisture  and  carbonic 
acid  of  the  air,  the  latter  taking  the  potash  or  soda  from  the 
silica,  and  forming  carbonates  of  these  bases.  In  conse- 
quence of  this  decomposition  the  rock  disintegrates  and  crum- 
bles down,  while  the  soluble  carbonate  is  washed  down  by  the 
rains  or  mists,  and  is  borne  to  tbe  lower  grounds  to  enrich  the 
alluvial  and  other  soils,  or  is  carried  by  the  rivers  to  the  sea. 
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In  some  cases,  as  m  the  softer  felspar  of  some  of  the  Cor- 
nish granites,  this  decompontion  is  comparatively  rapid,  in 
others,  as  in  the  Dartmoor  and  many  of  the  Scottish  granites, 
it  is  exceedingly  slow, — ^but  in  all  cases  the  rock  crumbles  to 
powder  long  before  the  whole  of  the  silicates  are  decomposed, 
so  that  potash  and  soda  are  always  present  in  greater  or  leas 
quantity  in  granitic  soils,  and  will  continue  to  be  separated 
from  the  decaying  fragments  of  rock  for  an  indefinite  period 
of  time. 

But  the  silica  of  the  felspar,  or  mica,  or  ze6litic*  trap,  when 
thus  deprived  of  the  potash  with  which  it  was  combined,  is 
in  that  peculiar  state,  in  which,  as  above  described  [p.  80®], 
it  is  capable  of  being  dissolved  in  small  quantity  by  pure  wa- 
ter, and  more  largely  by  a  solution  of  carbonate  of  potash  or 
soda.  Hence  the  same  rains  or  mists  which  dissolve  the  al- 
kaline carbonates  so  slowly  formed,  take  up  also  a  portion 
of  the  silica,  and  convey  it  in  a  state  of  solution  to  the  soils 
or  to  the  rivers.  Thus,  with  the  exception  of  the  dews  and 
rains  which  fall  directly  from  the  heavens,  few  of  the  sop- 
plies  of  water  by  which  plants  are  refreshed  and  fed,  ever 
reach  their  roots  entirely  free  from  silica,  in  a  form  in  which 
it  can  readily  enter  into  their  roots,  and  be  appropriated  to 
their  nourishment* 

In  the  farm-yard  and  the  compost-heap,  where  vegetable 
matters  are  undergoing  decomposition,  the  silicates  they  con- 
tain undergo  similar  decompositions,  and,  by  similar  chemical 
changes  their  silica  is  rendered  soluble,  and  thus  fitted,  when 
mixed  with  the  soil,  again  to  minister  to  the  wants  and  to 
aid  the  growth  of  new  races  of  living  vegetables. 

4°.  SUicates  of  Lime. — A  mixture  of  sand  or  flint  with 
quick-lime  readily  melts  and  forms  a  glassy  silicate  or  a  mix- 
ture of  two  or  more  silicates  of  lime.  These  silicates  are  also 
present  in  large  quantity  in  window  and  plate-glass,  and  in 
some  of  the  crystallinef  (granite  and  trap)  rocks.     In  felspar 

*  The  trap-rocks  alwajrs  more  or  lees  abound  in  zecUtic  minerals,  of 
which  there  is  a  ^reat  variety,  and  in  which  nearly  all  the  alkali  present 
in  tiiese  (trap)  rocks  is  contained. 

t  So  called  because  the  minerals  of  which  they  consist  are  generally 
in  a  crystallized  state. 
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and  mica,  which  abound^  as  we  have  seen,  in  the  alkaline  siU- 
catos,  it  is  rare  that  any  lime  can  be  detected.  In  that  vari- 
ety of  granite,  however,  to  which  the  name  of  syenite  is  giv- 
en by  mineralogists,  hornblende  takes  the  place  of  mica,  and 
some  varieties  of  this  hornblende  contain  from  20  to  35  per 
cent,  of  silicate  of  lime.  This  silicate  (containing  38  per 
cent,  of  lime)  is  almost  always  present  in  the  basaltic  and 
trap-rocks,  and  sometimes,  as  in  the  augitic*  traps,  in  a  pro- 
portion much  larger  than  that  in  which  it  exists  in  the  un- 
mixed  hornblende.  To  this  fact  we  shall  have  occasion  to 
revert  when  we  come  to  consider  the  relative  fertility  of  dif- 
ferent soils  and  the  causes  on  which  the  difference  of  their 
several  productive  powers  most  probably  depends. 

Silicates  of  lime  are  also  found  in  the  ash,  and  probablyf 
exist  in  the  Uving  stem  and  leaves  of  plants. 

Like  the  similar  compounds  of  potash  and  soda,  the  sili- 
cates of  lime  are  slowly  decomposed  by  the  united  agency  of 
the  moisture  and  the  carbonic  acid  of  the  atmosphere.  Car- 
bonate of  lime  is  formed,  and  silica  is  set  at  liberty.  This 
carbonate  of  lime  dissolves  in  the  rains  or  dews  which  descend 
loaded  with  carbonic  acid,:|:  and  the  same  waters  take  up  also 
a  portion  of  thesoluble  silica  and  diffuse  both  substances  uni- 
formly throogh  the  soil  in  which  the  decomposition  takes 
place,  or  bear  them  from  the  higher  grounds  to  the  rivers  and 
plains.  The  sparing  but  constant  and  long-continued  supply 
of  lime  thus  afforded  to  soils  which  rest  upon  decayed  trap,  or 
which  are  wholly  made  up  of  rotten  rock,  has  a  material  influ- 
ence upon  their  well-known  agricultural  capabilities. 

6°.  SiUccUeaof  Magnesia.— In  combination  with  magnesia 
in  different  proportions,  silica  forms  nearly  the  entire  mass  of 
those  common  mineral  known  by  the  names  of  serpentine 
and  talc.  In  hornblende  also  and  augite,  siUcates  of  magnesia 

*  Rocks  of  which  the  mineral  called  augUe  fonns  a  more  or  less  con- 
siderable part 

f  I  Bay  probably  fhecsxLae  if  uncombined  silica  be  present  in  hay  or 
straw  along  with  carbonate  or  oxalate  of  lime,  the  heat  employed  in  com- 
pletely burning  away  the  organic  matter  may  be  sufficient  to  cause  the 
fiine  and  silica  to  umte  and  form  a  silicate  which  will  afterwards  be 
found  in  the  ash,  though  none  previously  existed  in  the  stem. 

I  Seepage  59. 
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exist  tn  considerable  quantity.  They  mast,  therefore,  be  pr«« 
sent  in  greater  or  less  quantity  in  soils  which  are  direcUy 
formed  from  the  decomposition  of  such  rocks.  Like  the  sili- 
cates of  lime,  however — ^though  more  slowly  than  these — they 
will  undergo  gradual  decomposition  by  the  action  of  the  car- 
bonic  acid  of  the  atmosphere,  and  of  the  acids  produced  ki  the 
soil  by  vegetation  and  by  the  decay  of  organic  matter.  The 
magnesia,  like  the  lime,  will  thus  be  gradually  brought  down, 
•  in  a  state  of  solution  (p.  295),  from  the  higher  grounds,  or 
washed  out  of  the  soil,  till  at  length  it  may  wholly  disappear 
from  any  given  spot.* 

6°.  Silicates  ^Alumina, — Silica  combines  with  alumina 
also  in  various  proportions,  forming  silicates,  which  exist  a- 
bundantly  in  nature  in  the  crystalline  rocks,  and  may  also^ 
like  the  other  silicates,  be  formed  by  art.  Felspar,  mica,  horn- 
blende, and  the  augites,  which  abound  in  the  trap^roeks,  all 
contain  much  alumina  in  combination  with,  silica,  and  we 
shall  probably  not  be  very  far  from  the  truth  in  assuming 
that  upwards  of  one-half  by  weight  of  the  trap-rocks  in  geir- 
eral— «s  well  as  of  the  hornblendes,  micas,  and  felspars,  of 
which  so  large  a  part  of  the  granitic  rocks  is  composed— con- 
sists of  silicates  of  alumina.  The  alumina  itself  in  these  ser- 
eral  minerals  varies  from  11  to  88  per  cent.,  but  generally 
averages  about  30  per  cent,  of  their  entire  weight. 

Tb^  silicates,  when  they  occur  alone,  unmixed  or  nil- 
combined  with  other  silicates,  decompose  very  slowly  by 
the  action  of  the  atmosphere.  They  disintegrate,  however, 
and  fall  to  powder,  when  the  alkaline  silicates  with  which  they 
are  associated  in  felspar,  dec,  are  decomposed  and  removed 
by  atmospheric  causes.  In  this  way  the  deposits  of  porcelain 
clay,  so  common  in  Cornwall  and  in  other  countries,  have 
been  produced  from  the  disintegration  of  the  felspathic  rock8» 

*  I  am  indebted  to  Sir  Charles  Lemon  for  the  analysis  of  a  aoil|  od 
part  of  his  own  property,  resting  on  seipentine,  and  beaxing  only  Erica 
varans,  which  illustrates  the  statement  m  the  text.  This  sou  consists  of 
sihca  TOj  alumina  with  a  trace  of  gypsum  20,  oxide  of  iron  6'2»and  ve^ 
etable  matter  3*8  per  cent.  If  this  soil  has  been  formed  finomthe  rock  oa 
which  it  rests,  the  magnesia  has  been  wholly  washed  out  Its  constitu- 
tion, however,  points  rather  to  a  decayed  felspar  or  slate  rock|  as  th,Q 
source  from  which  it  has  been  derived. 
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and  the  clayey  aoiUa  which  occur  in  granite  districta  hare 
not  unfrequently  had  a  similar  origin. 

When  contained  in  the  soil,  the  silicates  of  alumina  un« 
dergo  a  slow  decomposition  from  the  action  of  the  various 
acid  substances  to  which  they  are  exposed.  A  portion  of 
their  alumina  is  dissolved  and  separated  by  these  acids,  and 
in  this  soluble  state  is  either  conveyed  to  the  roots  of  plants 
or  is  washed  from  the  soil  by  the  raineK-or  by  the  waters 
that  arise  from  beneath. 

The  ash  of  plants  contains  only  a  very  small  proportiott 
of  alumina,  yet  even  this  small  quantity  they  cannot  de- 
rive from  the  silicates  of  this  substance,  since  these  are  all 
insoluble  in  water— 4bB  alumina  itself  is*  They  obtain  it, 
therefore,  from  some  of  those  soluble  compounds  of  alumina 
of  which  I  have  spoken  as  being  either  occasionally  present 
(p.  301),  or  as  being  naturally  formed  in  the  8oil» 


General  remarks  on  these  SUicaies.'^^f  all  these  silicates 
it  may  be  remarked  in  general — 

1^.  That  besides  existing  in  the  minerals  above-men- 
tioned, and  from  which  they  are  conveyed  into  the  soil, 
they  are  dUo  slowly  formed  in  the  soil  itself,  when  the  ingre* 
dients  of  which  they  severally  consist  are  naturally  present 
in,  or  are  artificially  added  to,  the  soil.  Hence,  the  addi- 
tion  of  potash  or  soda  to  the  land  may  cause  the  production 
of  silicates  of  these  alkalies— probably  soluble  silicates — 
which  water  will  be  capable  of  dissolving  and  bearing  to 
the  extremities  of  the  roots.  Hence  also,  in  a  sandy  soil, 
the  addition  of  lime  may  give  rise  to  the  production  of  in- 
soluble silicates  of  this  earth, — and  the  beneficial  effect  of 
the  lime  upon  the  land  may  thus  sooner  cease  to  be  observ- 
able than  in  soils  of  a  different  character,  where  it  is  not 
so  liable  to  be  locked  up  in  an  insdable  state  of  combina* 
tion;  and 

2^.  That  with  the  exception  of  those  of  potash  and  soda, 
which  contain  much  alkali,  these  silicates  are  all  insoluble 
in  water,  and  thus  not  directly  available  to  the  nutrition  of 

27* 
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plants*  Except  those  of  alumina,  however,  they  are  all  slowf/ 
decomposed  by  atmospheric  agents,  and  their  constituent 
elements  thus  brought,  to  a  certain  extent,  within  the 
reach  of  plants ;  while,  without  exception,  they  are  all  ca- 
pable of  decomposition  in  the  soil  by  the  agency  of  the 
acid  substances,  chiefly  organic,  which  there  exist,  or  which 
are  produced  during  the  growth  and  decay  of  vegetable 
substances.  From  this  latter  source,  the  chief  supply  of 
the  ingredients  contained  in  the  silicates,  is,  in  most  soils, 
derived  by  living  plants. 

To  this  cause  is  attributed  the  surprising  effect  often 
observed  to  follow  from  the  addition  of  vegetable  matter  to 
a  sandy  soil  on  which  a  previous  addition  of  lime  had  ceased 
to  produce  any  further  beneficial  effect.  The  organic  acids 
formed  by  the  vegetable  matter  during  its  decay  decom- 
pose the  siUcates  of  lime  previously  produced,  and  thus 
liberate  the  lime  from  its  insoluble  state  of  combination. 
But  when  the  silicates  have  been  all  decomposed  by  this 
agency,  the  further  addition  of  vegetable  matter 
necessarily  to  produce  the  same  remarkable  effects. 


XI. — THE  OXIDES,  8ULPHVSETS,  SULPHATES  AND  CARBO- 
NATES OF  lEON. 

1^.  Oxides  of  Iron. — ^It  is  well  known  that  when  metal- 
lic iron  is  exposed  to  moist  air,  it  gradually  rusts  and  be- 
comes covered  with,  or  wholly  changed  into,  a  crumbling 
ochrey  mass  of  a  reddish  brown  colour.  This  powder  is  a 
compound  of  iron  and  oxygen  only,  containing  69|>  per 
oant.  of  the  former,  and  dOf  per  cent,  of  the  latter. 

When  iron  is  heated  in  the  smith's  forge,  and  then  beat 
on  the  anvil,  a  scale  flies  off  which  is  of  a  black  colour, 
and  when  crushed  gives  a  black  powder.  This  also  consists 
of  iron  and  oxygen  only,  but  the  proportion  of  oxygen  is 
not  so  great  as  in  the  red  powder  above  described.  In  both 
cases  the  iron  has  derived  its  oxygen  from  the  atmosphere. 

To  these  compounds  of  iron,  with  oxygen,  the  name  of 
oxides  is  given.  There  are  only  two  which  are  of  interest 
to  the  agriculturist!  namely,— 
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CONSIHTINQ  OF      ; 

Symbol 

Colour. 

Iron. 

1 
Oxygen. 

l^he  first  oxide,  . 
The  second  oxide* 

69-34 
77-23 

30-66 
22  77 

Fe  Of 

Red. 
Black. 

Both  of  these  exist  abundantly  in  nature,  and  are  pre* 
sent  to  a  greater  or  less  extent  in  all  soils.  The  second  or 
per-oxidoy  however,  is  by  far  the  most  abundant  on  the 
earth's  surface,  and  the  reddish  colour  observable  in  so 
many  soils  is  principally  due  to  the  presence  of  this  oxide. 

The  first  oxide  rarely  occurs  in  the  soil  except  in  a  state 
of  combination  with  some  acid  substance, — and  so  strong 
b  its  tendency  to  combine  with  more  oxygen,  that  when  ex- 
posed to  the  air,  even  in  a  state  of  combination,  it  rapidly 
absorbs  this  element  from  the  atmosphere  and  changes  into 
per-oxide.  This  change  is  observable  in  all  chidybeate 
springs,  in  which,  as  they  rise  to  the  surface,  the  iron  is 
genendly  held  in  solution  in  the  state  of  the  first  oxide. 
After  a  brief  exposure  to  the  air,  more  oxygen  is  absorbed, 
and  a  reddish  pellicle  is  formed  on  the  surface,  which  gradu- 
ally falls  and  coats  the  channel  along  which  the  water  runSf 
with  a  reddish  sediment  of  insoluble  per-oxide.    . 

Both  oxides  are  insoluble  in  pure  water,  and  both  dissolve 
in  water  containing  acids  in  solution.  The  first  oxide,  how- 
ever, dissolves  in  much  greater  quantity  in  the  same  weight 
of  acid,  and  it  is  the  compounds  of  this  oxide  which  are 
usually  present  in  the  soil,  and  which,  in  boggy  lands,  prove 
so  injurious  to  vegetation.^ 

*  The,^rrt  is  also  called  the  ^o^ozide,  the  second  either  the  S0$gui,  er 
vufre  usually  the  ;ier-Qxide  of  iron. 

t  Iron  is  represented  by  the  symbol  Fe,  the  initial  letters  of  its  Latin 
name  (ferrum). 

}  "  That  layer  of  soil  (says  Sprengel),  is  always  especially  rich  in 
iron,  over  which  the  heel  of  the  plough  glides  in  preparing  the  land. 
The  friction  of  the  soil  continually  rubs  off  particles  of  iron,  which  ab- 
sorb oxvgen  and  change  into  the  first  oxide.  Hence  this  part  of  the 
soil  is  always  darker  in  colour  than  the  rest ;  hence  also  the  reason 
why  the  soil,  after  deep  plougfaine,  remains  unproductive  sometimes 
for  several  years." — Ckemie  1.,  p.  &8.  While  we  admit  that  the  pre- 
sence of  the  first  oxide  of  iron  in  the  subsoil  affects  its  fertility,  when 
broueht  to  the  surface,  we  may  doubt  whether  much  of  that  iron  caa 
have  Men  derived  from  the  tear  and  wear  of  the  plough. 
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The  second  oxide  possesses  two  properties  which,  in  con- 
nection with  practical  agriciytur6»are  not  Toidof  some  de* 
gree  of  importance. 

l^'.  In  a  soil  which  contains  much  vegetable  matter  in  a 
state  of  decay,  the  per-oxide  is  frequently  deprived  of  one- 
third  of  its  oxygen  by  the  carbonaceous  matter,*  and  is  thus 
converted  into  the  first  oxide  which  readily  dissolves  in  any 
of  the  acid  substances  with  wluch  it  may  be  in  contact.  In 
this  state  of  combination  it  is  more  or  less  soluble  in  water, 
and  in  some  localities  may  be  brought  to  the  roots  of  phuls 
in  such  quantity  as  to  prove  injurious  to  their  growth. 

2^.  The  red  oxide  of  iron  is  said,  like  alumina  (p.  301), 
to  have  the  property  of  absorbing  ammonia,  and  probably 
other  gaseous  substances  and  vapours,  from  the  atmosphere 
and  from  the  soil.  In  that  which  occurs  in  nature,  either 
in  the  soil  or  near  the  surface  of  mineral  veins,  traces 
of  ammonia  can  generally  be  detected.  Since  then  anu 
monia  is  so  beneficial — according  to  some  so  indispens* 
ably  necessary — to  vegetation,  the  property  which  the  per- 
oxide of  iron  possesses  of  retaining  this  ammonia  when  it 
would  otherwise  escape  from  the  soS,  or  of  absorbing  it  from 
the  atmosphere,  and  thus  bringing  it  within  the  reach  of 
plants,  must  also  be  indirectly  favourable  to  vegetation—^ 
where  the  soil  contains  it  in  any  consideraUe  quantity. 

An  important  practical  precept  is  also  to  be  drawn  from 
these  two  properties  of  this  oxide.  A  red  irony  soil,  to 
wluch  manure  is  added,  should  be  frequently  turned  over, 
and  should  be  kept  loose  and«  pervious  to  the  air,  in  or- 
der that  the  formation  of  prot-oxide  (first  oxide)  may  be 
prevented  as  much  as  possible ;  and  it  may  occasionally  be 
summer-fallowed  with  advantage,  in  order  also  that  the  per- 
oxide may  absorb  ttom  the  air  those  volatile  substances  which 
are  likely  to  prove  beneficial  to  the  growth  of  the  future 
crops. 

2°,  8tdphurei8  of  Iron* — ^Iron  occurs  in  nature  combined 
with  sulphur  in  two  proportions,  forming  a  sulphuret  and  a 
M-sulphuret.    These  consist  respectively—- 

*  The  caibon  of  the  vegetable  matter  combines  with  the  oxygen  of 
ihe  oxide  to  forai  cartomc  acid.    See  p.  86» 


BI-Sl^iPHlTBBT   OF  IBON   OB  IRON  P^^ITBS. 


SIS 


Iron. 

62-77 
46-74 

Sulphur. 

Symbol. 

The  sulphuret .... 
The  bi-8ulphuret  of  . 

37-23 
54-26 

FeS 

FeS, 

and  are  both  tasteless  and  insoluble  in  water. 

1°.  The  first  of  these,  the  sulphuret  (Fe  S),  occurs  occa- 
sionally in  boggy  and  marshy  soils,  in  which  salts  of  iron  ex- 
ist, or  iDto  which  they  are  carried  by  rains  or  springs.  It  is 
not  itself  directly  injurious  to  vegetation,  but  when  exposed 
to  the  air  it  absorbs  oxygen  and  forms  stdphate  of  iron,  which, 
when  present  in  sufficient  quantity,  is  eminently  so.* 

2^.  The  bi-sulpkurety  or  common  iron  pyrites  (Fe  S  j),  is  ex- 
ceedingly abundant  in  nature.  It  occurs  in  nearly  all  rocky 
formations — ^and  in  most  soils.  It  abounds  in  coal,  and  is 
the  source  of  the  sulphurous  smell  which  many  varieties  emit 
while  burning.  It  generally  presents  itself  in  masses  of  a 
yellow  colour  and  metallic  lustre,  more  or  less  perfectly  crys- 
tallized in  cubical  forms,  so  brittle  and  hard  as  to  strike  fire 
with  steel,  and  of  a  specific  gravity  four  and  a  half  times 
greater  than  that  of  water  (Sp.  gr.  4,  5).  When  heated  in 
close  vessels  it  parts  with  nearly  one-half  of  its  sulphur,  and 
hence  is  often  distilled  for  the  sulphur  it  yields. 

In  the  air  it  absorbs  oxygen,  in  some  cases — as  in  the 
waste  coaUheaps — with  such  rapidity  as  to  heat,  take  fire, 
and  burn.  By  this  absorption  of  oxygen  (oxidation),  sul- 
phuric acid  and  sulphate  of  iron  are  produced.  In  the 
alum  shales  the  iron  pyrites  abounds,  and  these  are  often 
burned  for  the  purpose  of  converting  the  sulphur  and  sul- 
phuric acid  for  the  subsequent  manufacture  of  alum. 

3°.  SidpJuUes  of  Iron. — Of  the  sulphates  of  iron  which 
are  known,  there  is  only  one — ^the  common  green  vitriol  of 
the  shops — that  occurs  in  the  soil  in  any  considerable  quan- 
tity. There  are  few  soils,  perhaps,  in  which  its  presence 
may  not  be  detected,  though  it  is  in  bogs  and  marshy  places 

*  Yet  in  small  quantity  it  may  be  beneficial.  Thus  Spren|;el  men- 
tions that  the  subsoil  of  a  moor  near  Hanover,  which  contains  some 
of  this  sulphuret  of  iron,  produces  astonishing  effects  when  laid  as  a 
top^lressing  on  the  grass  lands.  The  explanation  of  this  is,  that  the 
pyrites  absorb  oxygen  and  is  converted  into  sulphate,  and  thus  re- 
produces the  remarluible  effects  observed  on  the  addition  of  gypsum,  of 
iulphuric  acid,  or  of  sulphate  of  soda  to  similar  grass  lands. 
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that  it  is  moot  generally  and  most  abundantly  met  with*  It 
is  often  exceedingly  injurious  to  ve^tation  in  such  locali- 
ties, but  it  is  decomposed  by  quick-lime,  by  chalk,  and  by 
all  varieties  of  marl,  and  thus  its  noxious  efieclp  may  in 
general  be  entirely  prevented.  To  soils  which  abound  in 
lime,  it  may  even  be  applied  with  a  beneficial  effect* 

When  a  solution  of  this  salt  is  exposed  to  the  air  it  ^leedily 
becomes  covered  with  a  pellicle  of  a  yellow  ochrey  colour^ 
which  afterwards  falls  as  a  yellow  sediment.  This  sediment 
consists  ofper-oxide  of  iron,  containing  a  little  sulphuric  acid ; 
but  by  the  separation  of  this  oxide  the  sulphuric  acid  is  left 
in  excess  in  the  solution,  which  becomes  sour,  and  still  more 
injurious  to  vegetation  than  before.  In  boggy  places  the 
waters  impregnated  with  iron  are  generally  more  or  lees  in 
this  acid  state,  and  lime,  chalk,  and  marl,  with  perfect  drain- 
age, are  the  only  available  means  by  which  such  lands  can 
be  sweetened  and  rendered  fertile. 

When  iron  pyrites  is  exposed  to  the  air  it  slowly  absorbs 
<^ygoi^  <^Dd  is  converted  into  sulphate  of  iron  and  sulphu- 
ric acid ;  on  the  other  hand,  the  sour  solution  above  men- 
tioned, when  placed  in  contact  with  vegetable  matter,  where 
the  air  is  excluded,  parts  with  its  oxygen  to  the  decaying 
carbonaceous  matter,  and  is  again  converted  into  iron  pyrites. 
These  two  opposite  processes  are  both  continually  in  progress 
in  nature,  and  often  in  the  same  locality, — the  one  on  the 
surface,  where  air  is  present ;  the  other  in  the  subsoil,  where 
the  air  is  excluded. 

4^.  Coriotiotetfo/' Iron.— When  a  solution  of  the  sulphate 
of  iron,  above  described,  is  mixed  with  one  of  carbonate  of 
soda,  a  yellow  powder  falls,  which  is  carhoaate  of  vrtm.  This 
carbonate  b  found  abundantly  in  nature.  It  is  the  state  in 
which  the  iron  exists  in  the  ore  (clay-iron  ore),  from  which 
this  metal  is  so  largely  extracted  in  our  iron  furnaces,  and  in 
the  similar  ore  often  found  in  the  subsoil  of  boggy  places, 
which  is  distinguished  by  the  name  of  bog-iron  ore. 

Like  the  carbonate  of  lime,  it  is  insoluble  in  water,  but 
dissolves  with  considerable  readiness  in  water  charged  with 
sarbonic  acid«  In  this  state  of  solution  it  issues  from  the 
earth  in  most  of  our  chalybeate  springs,  and  it  is  owing  to 
the  escape  of  the  excess  of  carbonic  acid  from  the  water« 
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wheo  it  reaches  the  open  air,  that  the  ydlew  deposit  of 
carbonate  of  iron  more  or  less  speedily  fails. 

The  carbonate  of  iron,  being  insoluble  in  water,  cannot 
be  directly  injurious  to  vegetation.  When  exposed  to  the 
air  it  gradually  parts  with  its  carbonic  acid,  and  is  converted 
into  per-oxide  of  iron. 

The  ash  of  nearly  all  plants  contains  a  more  or  lees  ap- 
preciable quantity  of  oxide  of  iron.  This  may  have  entered 
into  the  roots  either  in  the  state  of  soluble  sulphate  or  of 
carbonate  dissolved  in  carbonic  acid,  or  of  some  other  of 
those  numerous  soluble  compounds  of  iron  with  organic  acids, 
which  may  be  expected  to  be  occasionally  present  in  the  soil. 

Zn. — HANGAITBSB  :   OXIDES,  CHLORIDES,  CABB0NATE8,   AND 

SULPHATES  OF  MANGANESE. 

1°.  Manganese  is  a  metal  which,  in  nature,  is  very  fre^ 
quently  associated  with  iron  in  its  various  ores.  It  also  re- 
sembles this  metal  in  many  of  its  properties.  In  the  me- 
taUic  state,  however,  it  is  not  an  object  of  manufacture,  nor 
is  it  used  for  any  purpose  in  the  arts. 

2^.  Oxides  of  Manganese. — Manganese  combines  with 
oxygen  in  several  proportions.  The  first  oxide  is  of  a  light 
green  colour,  the  second  and  third  are  black.  The  first  is 
not  known  to  occur  in  nature  in  an  uncombined  state,  the 
two  others  exist  abundantly  in  the  common  ores  of  manga- 
nese, and  are  extensively  diffused,  though  in  small  quantity, 
through  nearly  all  soils.  They  are  all  insoluble  in  water, 
but  the  two  former  dissolve  in  acids  and  form  salts.  Traces 
of  these  two  oxides  are  also  to  be  detected  in  the  ash  of 
nearly  all  plants. 

3^.  Chloride^  CarhoTuUe^  and  Stdphate  of  Manganese. — If 
any  of  these  oxides  be  dissolved  in  muriatic  acid  a  solution 
of  chloride  of  manganese  will  be  obtained. 

If  this  solution  of  chloride  of  manganese  be  mixed  with 
one  of  carbonate  of  soda,  a  white  insoluble  powder  will  fall, 
which  is  carbonate  of  manganese. 

If  this  carbonate  be  dissolved  in  diluted  sulphuric  acid,  or 
if  any  of  the  oxides  be  digested  in  this  acid,  a  solution  of 
sulphate  of  manganese  will  be  formed. 
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The  carbonate  of  manganese,  and  its  oxides,  will  also  dis- 
8olve«  though  more  HlowTy,  in  acetic  acid  (vinegar),  and  in 
other  organic  acids  which  may  be  present  in  the  soil,  and 
will  form  with  them  other  soluble  salts. 

The  compounds  of  manganese  exist  in  plants  in  much  less 
quantity  than  those  of  iron  ;  but  as  its  oxides,  like  those  of 
iron,  are  insoluble  in  pure  water,  this  metal  most  likely  finds 
its  way  into  the  roots  of  plants  in  the  state  of  one  or  other 
of  the  soluble  compounds  above  described. 

§  2.  Tabular  view  of  the  constitution  of  the  compounds  of 
the  inorganic  elements  above  described. 

Having  in  the  preceding  section  briefly  described  the  seve- 
ral compounds  of  the  inorganic  elements  of  plants^  which 
either  enter  into  the  constitution  of  vegetable  substances,  or 
are  supposed  to  minister  to  their  growth — it  may  prove  useful 
hereafter,  if  I  exhibit  at  one  view  the  composition  per  cent, 
of  the  various  oxides,  chlorides,  sulphurets,  and  oxygen-acid 
salts,*  to  which  I  have  had  occasion  to  direct  your  attention. 

l^.^-'Oxygefi  per  cenL  in  the  oxides  of  the  inorganic  dements. 


Sulphurous  Acid 
Sulphuric  Acid  . 
Phosphoric  Acid 

Potash 

Soda 

Lime 

Mairnesia  .... 


Oxygen 
per  cent. 


49-85 
59-86 
5604 
16-95 
25-58 
28-09 
38-71 


Alumina 

Silica 

Prot-oxide  of  Iron    .  . 
Per-oxide  of  Iron   .  .  . 
Prot-oxide  of  Manganese 
Sesqui-oxide       do.  .  . 
Per-oxide  do.  .  . 


Oxygen 
per  cent 


46-70 
51-96 
22-77 
30-66 
22-43 
30-25 
36-64 


2^ »— 'Chlorine  or  Sulphur  percent,  in  the  chlorides  and  sulphurets. 


Chloride  of  Potassium 

Sodium  . 

Calcium  . 

>~  Magnesium 


First  Chloride  of  Iron 
Second  do.  do. 


Chlorine 
per  cent. 


47-47 
60  34 
63-36 
73-65 
56  62 
6619 


Sulphuret  of  Potassium 

Sodium  .  . 

Calcium    . 

Iron 


Bi-Sulphuret  of  Iron,  ^ 
(Iron  Pyrites)        J 


Sulphur 
percent. 


29*11 

40-88 
4400 
3723 

47-06 


*  So  called  because  the  acid  they  contain  has  oxygen  for  one  of  its 
constiluents. 
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8^.— Q>mjwt<w>ytfr  cent,  of  the  SaUme  eomhmMHons  mbo€e  deseribed. 


Caibonate  of  Potash 
Bi-caifoonate  of  do.  .        , 

Sulphate  of        do. 
Nitrate  of  do. 

Binozalale  of     do.  TSalt  of  sorrel) 
Bhartrate  of      do.  (Cream  of  tartar) 
Phosphate  of    da 
Bi-phosphate  of  do. 

Carbonate  of  Soda  (dry)    . 
—————  (crystallized) 
Bi-carbonate  of  Soda 
Nitrate  of  do. 

Sulphate  of  do.  (dry) 

do.  (eiystallized) 

Phosphate  of        do. 
Bi-phosphate  of   do. 

Caibonate  of  Lime 
Sulphate  of     do.  (Gypsum) 

(burned) 

Nitrate  of  Lime 

Phosphate  of  Lime  (Apatite)     . 

Bi-phosphate  of  Lime 

Earth  or  Bones 

Carbonate  of  Macnesia 
Bi-caibonate  of  do. 
Sulphate  of  do.  (Epsom 

Nitrate  of  do. 

Phosphate  of       do. 

Sulphate  of  Alumina  . 

Phosphate  of   do. 

Silicate  of  Potash  (soluble) 
Bi-silicate  of  do. 
Silicate  of  Soda 
Bi-silicate  of  do. 
Silicate  of  Lime. 

Magnesia  .        . 

— —  Alamina     .        .        » 

Carbonate  of  Iron  .        » 

Sulphate  of     do.  (crystallized)  . 

Carbonate  of  Manganese    .  * 

Sulphate  of      do.  (crystallized) 


salts) 


Acid.    Base.  Water 


31-91 

48-38 
45-93 
53-44 
5d64 
70-38 
43-06 
60-90 

41-43 
15*43 
58-58 
63  40 
56-18 
84-85 
53-30 
69-64 

43-71 
46-31 
58-47 
65^54 
45-56 
71-48 
48-45 

51-69 
6815 
33-40 
73-38 
63-33 

70K)7 
67-57 

49-46 
66-19 
59-63 
74-71 
61-85 
6908 
7295 

38-63 
31-08 

38-87 
33-30 


51-63 
54-07 
46-56 
3439 
3496 
56-94 
39-80 

58*58 
31-81 
41-43 
36-60 
43-83 
19-38 
46-70 
30-46 

56-39 
33-90 
41-53 
34-46 
54-48 
3853 
51-55 

48-31 
31-85 
16-70 
37-63 
36-67 

3993 
3343 

50-54 
33-81 
40-37 
35-39 
38-15 
30-93 
3705 

61-37 
3719 

61-73 
39-54 


1307 
4-76 


69*76 


55-77 


^•79 


50-90 


41-78 


3736 
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We  shaU  have  occaaioii  to  refer  to  the  numbers  in  the 
above  tables  in  our  subsequent  calculations. 

§  3.  On  the  relative  proportions  of  the  different  inorganic 
compounds  present  in  ihe  ttsh  of  plants. 

Having  thus  made  you  acquainted  with  the  general  pro- 
perties and  composition  of  the  several  compound  substances 
of  which  the  ash  of  plants  consists,  we  now  advance  to  the 
consideration  of  the  relative  proportions  in  which  these  sub- 
stances exist  in  the  ash  of  the  different  kinds  of  plants  usu- 
ally cultivated  for  food. 

We  have  seen  (p.  261)  that  different  species  of  plants 
leave  very  different  quantities  of  ash  when  burned ; — ^the 
ash  left  by  different  species  contains  also  the  above  earthy 
and  saline  substances  in  very  unhke  proportions.  This  fact 
has  already  been  stated  generally  (p.  264) ;  we  are  now  to 
illustrate  it  more  fully,  and  to  show  the  important  practical 
deductions  to  which  it  leads. 

I. OF  THE  ASH  OF  WHEAT. 

According  to  the  analysis  of  Sprengel,  1000  lbs.  of  wheat 
leave  11*77  lbs.,  and  of  wheat  straw  85*18  lbs.  of  ash,  con- 
sisting of — 


Potash        .        .        . 

Grain  of  WhfaL 

Straw  of  Wheat 

2-25  lbs. 

020  lbs. 

Soda           •        •        •        • 

2-40 

0-29 

Lime          •        •        .        • 

0-96 

2-40 

Magnesia    .        . 

0-90 

0-32 

Alumina,  with  a  trace  of  Iron 

0-26 

0-90 

Silica          .... 

400 

28-70 

Sulphuric  Acid    . 

0-50 

0  37 

Phosphoric  Acid 

0-40 

1-70 

Chlorine      .... 

010 

0-30 

11-77  lbs. 

3518  lbs. 

If  the  produce  of  a  field  be  -at  the  rate  per  acre  of  25  bush- 
els  of  wheat,  each  60  lbs.,  and  if  the  straw*  be  equal  to  twice 

♦  The  Dropoition  of  the  straw  io  the  seed  in  grain  of  all  kinds  it 
very  Tariable.  ^  In  wheal  it  ia  said  to  average  twice  the  weight  of  the 
gnun,  but  it  is  very  often,  even  in  heavy  crops,  3  to  3|  tunes  thi* 
weight. 
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f he  weight  of  the  grain,  the  quantity  of  each  reaped  per 
acre  witt  be 

^;**°» \l^  1^-  I  from  a  produce  of  25  bush^  ; 

8o  that  the  quantity  of  the  different  inorganic  compounds 
carried  off  J'rom  the  saU  of  each  acre  will  be,  in  the  grain  ^ 
more  than  is  represented  in  the  second  column,  and  in  the 
straw  8  times  as  much  as  is  represented  in  the  third  column* 

II, OF  THB  ASH  OF  BABLET. 

A  thousand  pounds  of  the  grain  of  barley  (two-rowed, 
hordeum  digtichon^)  leave  23^  lbs.,  and  of  the  ripe  dry  straw 
52*42  lbs.  of  ash.     This  ash  consists  of — 


Grain. 

Straw. 

Potash 

2-78  lbs. 

1-80  lbs. 

Soda 

2-90 

0-48 

Lime 

1-06 

5*54 

Magnesia    . 

1-80 

0-76 

Alumina     • 

0-25 

1-46 

Oxide  of  Iron 

a  trace* 

014 

Oxide  of  Maoganeee  . 

— 

0-20 

Silica 

11-82 

38-56 

Sulphuric  Acid  • 

0-59 

1-18 

Phosphoric  Acid 

210 

1-60 

Chlorine     . 

019 

0-70 

23-49  lbs. 

52-42  lbs. 

If  the  produce  of  a  crop  of  barley  amount  to  38  bushels 
of  63  lbs.  each  per  acre,  and  the  straw  exceed  the  grain  in 
weight  one-sixth,  the  weight  of  each  reaped  per  acre  will 
be  about 

2300  Ito!  of  8^^  I  ^~"  *  P'*^"<'«  <*f  3®  ^^^  * 
and  the  inorganic  matters  carried  off  from  the  soil  by  each 
will  be  obtained  by  multiplying  those  contained  in  the  second 
column  (above)  by  2,  and  in  the  third  by  2^. 


Ill* OF  THB  ASH   OF  OATS. 

In  1000  lbs.  of  the  grain  of  the  oat  are  contained  about 
26  lbs*,  and  of  the  dry  straw  about  57^  lbs*  of  inorganic 
matter,  consisting 
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GnoD. 

iStnw. 

Potash       .        •        •        . 

V501IM. 

8-70  lbs. 

Soda 

1-32 

002 

Lime 

0-8^ 

1-52 

Magnesia  • 

0-67 

0-22 

'-  ^lamina    . 

0-14 

006 

Oxide  of  Iron     . 

0*40 

002 

Oxide  of  Maogaocse  . 

0-00 

0-02 

Silica 

19-76 

45-88 

Sulphuric  Acid  . 

0-35 

0-79 

Phoepboric  Acid 

0-70 

012 

Chlorine    •        .        •        . 

010 

005 

25*80  lbs. 

57-40  lbs. 

If  an  acre  of  land  yield  50  boahela,  each  54  lbs.,  of  oat% 
and  }ds*more  in  weight  of  straw,  there  wil(  be  reaped  peracre^ 

Of  Kw  sSJ  IS:;  I '^  ■  p"^«*  *^*« '^•^; 

and  the  weight  of  the  inorganic  matten  carried  off  will  bo 
equal  to  2^  times  the  quantitiea  contained  in  the  second  co- 
lumn, and  8)  times  those  contained  in  Ike  third  column. 


IV.— OF  THE  ASH  OF  STS. 

The  weight  of  ash  contained  in  IQOO  lbs.  of  the  grain  of 
rye  is  10^  lbs.,  and  of  the  straw  28  lbs*    This  ash  consists  of 

QmS. 


Potash 

Soda 

Lime 

Mi^esia 

Alumiaa 

Oxide  of  Iron 

Oxide  of  Manganese 

Silica 

Sulphuric  Acid    . 

Phosphoric  Acid 

Chlorine 


5-32  lbs. 

1-22 

0-44 

0-24 

0-49 

0-34 

1-64 

0-23 

0-46 

0-09 


Straw. 


10-40  lbs. 


0-32  lbs. 
0-11 
1-78 
••12 

0*25 

22-97 
170 
0-51 
0  17 


27-93  lbs. 


*  Of  all  kinds  of  grain,  the  oat  gives  the  most  Tariable  proportion  of 
straw^  that  which  is  obtained  at  one  time,  and  in  one  locality,  beiog  2 
or  3  tunes  greater  than  that  reaped  in  another. 
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Rye  is  remarkable  for  the  quantity  of  straw  it  yieldg, 
which  is  oAen  from  3  to  4  times  the  weight  of  the  grain. 
The  return  in  grain  reaches  about  the  8an>e  average  as  that 
of  wheat.  From  an  acre  of  land  yielding  a  crop  of  25 
bushels,  each  54  Ibe.,  there  would  be  reaped 

Of  grain  1350  lbs. ;  of  straw  4000  lbs. ; 
the  whole  weight  of  inorganic  matters  contained  in  which  ia 
equal  to  \  more  than  is  represented  in  the  second  column, 
added  to  4  times  the  weights  contained  in  the  third  column. 


V.^^F  THE  ASH  OF  BBANS,  PBA8,  AND  VETCHES. 

The  ash  of  the  seed  and  straw  of  the  Held  bean,  the  field 
pea,  and  the  common  vetch  {vicia  saliva^)  dried  in  the  air — 
contains  in  1000  lbs.  the  several  inorganic  compounds  in  the 
following  proportions: — 


Potash 

riCLD    BBAN. 

FIELD  PEA. 

COMMON  TETCH.I 

Seed.  Straw. 

Seed. 

Straw. 

Seed. 

Straw. 

415 

16-66 

8-10 

2-35 

8-97 

18-10 

Soda 

6*16 

0-60 

7-39 

— . 

6*22 

0-62 

Lime 

1-65 

6-24 

0-58 

27-30 

1-60 

19-65 

Magnesia  • 

1-58 

209 

1-36 

3-42 

1-42 

3-24 

Alumina    . 

0-34 

O'lO 

0-20 

0-60 

0-22 

0-15 

Onide  of  Iron     . 

— 

0-07 

0-10 

0-20 

0-09 

0-09 

Do.  of  Mapganese 

— 

005 

— 

007 

0-05 

0-08 

Silica 

1-26 

2-20 

4-10 

9-96 

2-00 

4-42 

Sulphuric  Acid  . 

0-89 

0-34 

0-63 

3-37 

0-50 

1-22 

Phosphoric  Acid 

2-92 

2-26 

1-90 

2-40 

1-40 

2-80 

Chlorine    . 

0-41 

0-80 

0-38 

0.04 

0-43 

0-64 

21-36 

31-21 

24-64 

49-71 

22-90 

61-01 

On  comparing  the  numbers  in  these  columns,  we  cannot 
fail  to  remark, — 

I''.  How  much  potash  there  is  in  the  straw  of  the  bean 
and  the  vetch. 

3°.  That  while  there  is  only  a  trace  of  soda  in  any  of  the 
three  straws,  there  is  a  considerable  quantity  in  all  the  seeds. 

8°.  How  large  a  proportion  of  lime  exists  in  the^row  of 
the  pea  and  of  the  vetch — compared  with  that  of  the  bean — 
and  how  mach  larger  the  proportion  is  in  all  the  straws  than 
in  any  of  the  grains-— and 

2b* 
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40.  That  the  qoantity  of  silica  in  pea  straw  it  ^oufite  of 
what  is  contained  in  the  straw  of  the  vetch,  and  4  times  that 
of  the  bean  straw. 

The  produeo  of  straw  from  these  three  varieties  of  palse 
iHB  very  bulky,  but  varies  in  weight  from  1  to  If  tons— or  is 
on  an  average  about  2800  lbs.  per  acre.  The  produce  of 
grain  is  still  more  variable. 

The  bean  gives  from  16  to  40  bushels,  of  about  63  lbs* 

The  pea 12to84 of....  64  lbs. 

The  vetch 16  to  40 of  a ...  66  lbs. 

The  mean  return  from  beans  is  estimated  by  Schwertz* 
at  25  bushels  (1600  lbs.),  from  peas  at  15  bushels  (1000 lbs.), 
and  from  vetches  at  17  bushels  (1100  lbs.)  per  acre. 

The  <|aantrty  of  the  several  inorganic  matters,  therefore^ 
carriied  off  from  an  acre  in  the  straw  of  these  crops,  will  be 
■liout  2^  times  the  weights  given  in  the  table — and  in  the 
grains — where  the  crop  is  near  the  above  average — If  times 
Bie  weights  in  the  tables  for  beans  and  for  peas,  and  Ibr 
vetches  very  nearly  the  aclual  weights  above  given. 

yitr-^TEUp  ASK  or  thb  tvbniv,  cajrhot,  parsnis,  ahd 

VOTATOK. 

These  fbur-  roots,  as  they  are  carried  from  the  field,  coik 
taito  respectively  in  ten  thousand  pounds 


Potash    . 

TURNIPS. 

Carrot 

Parsnip. 

1     Pf»TATOE».      1 

^ooui. 

Leaves. 

iiooia. 

'iopft 

•23-86 

32-3 

35-33 

20-79 

40-28 

81-9 

Soda       .        . 

10-48 

22-2 

9-22 

7-02 

23-34 

0-9 

Lime 

7-62 

620 

6-57 

4-68 

3-31 

129-7 

Magnesia 

2-54 

6-9 

3-84 

2-70 

3-24 

17-0 

Alumina . 

0-36 

0-3 

0-39 

0-24 

0-60 

0-4 

Oxide  of  Iron  . 

0-32 

1-7 

0-33 

0-Q5 

0-32 

02 

Ox.  of  Manganese 

— 

— 

0-60 

— . 

'-^ 

• 

Silica, 

3-88 

12-8 

1-.37 

162 

0-84 

49-4 

Su]phurio>  Acid' 

aoi- 

25-2 

2-70 

1-92 

6-40 

4-2 

Pbusphoric  Aoid 

3-67 

9-8 

6-14 

100 

4-01 

19-7 

Chlorine  . 

2-39 

8-7 

0-70 
6619 

W8 

1-60 

50 

6303 

18Q9 

41-60 

82-83 

308-4 

*  AnkUMtg  Zim  Prakiischen  Ackerhau  II.,  p.  346. 
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These  roots,  as  already  stated  (note  p.  ^1%  contain  very 
mach  water,  so  that  in  a  dry  state,  the  proportion  of  in- 
organic matter  present  in  them,  is  very  much  greater  than 
is  represented  by  the  above  nambers.  I  have^  however, 
given  the  quantities  contained  in  the  crop  as  it  is  carried 
from  the  field,  as  alone  likely  to  be  of  practical  utility* 

Hie  crops  of  these  several  roots  vary  very  much  in  dif- 
ferent localities,  being  in  some  places  twice  and  even 
thrice  as  much  as  in  others — every  nine  tons,  however, 
which  are  carried  off  the  ground,  contain  about  twice  the 
weight  of  saline  and  earthy  matters,  indicated  by  the 
nambers  in  the  table* 


vn. 
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The  following  taUe  might  have  been  much  enlarged.  I 
have  thought  it  necessary,  however,  to  introduce  in  this 
place  only,  those  species  of  grass  and  clover  which  are  in 
most  extensive  use.  I  have  also  calculated  the  weights 
given  below,  for  these  plants  in  the  sttUe  of  hay  ordy,  as  the 
suceulency  of  the  grasses, — that  is,  the  quantity  of  water 
contained  in  the  green  crop,^-varies  so  much  that  no 
correct  estimate  could  be  made  of  the  quantity  of  inorganic 
matter  present  in  hay  or  grass,  from  a  knowledge  of  its 
weight  in  the  green  state  only  : 


**V,r 

Bad 

White 

Pbtash        •        •        • 

Clww. 

Clvvtr. 

liOotnis* 

BtUdm. 

8-81 

19-95 

31-06 

13-40 

20-57 

Soda 

3-94 

6-29 

5-79 

6-15 

4-37 

liMne          •        •        • 

7-34 

27-80 

23-48 

48-31 

21-95 

Magnesia 

0*90 

3-33 

306 

3-48 

2-88 

Alumina 

0-31 

0-14 

1-90 

0*30 

0-66 

Oxide  of  Iron 

.. 

— 

0-63 

0-30 

^ 

Oxide  of  Manganese    . 

— 

— 

— 

— 

— 

Silica 

27-72 

3-61 

14-73 

3-30 

500 

Sulpfaaric  Acid    • 

3-53 

4-47 

3-63 

4-04 

3-41 

Phosphoric  Acid 

0-25 

6-57 

6-05 

1307 

916 

CbloriDa 

006 

3-62 

2-11 

3-18 

1-57.? 

62-86 

74-78 

91-32 

95-53    69-57 

The  above  quantities  are  contained  in  a  thousand  pounds, 
of  the  dry  hay  of  each  plant*. 
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On  compuiag  the  numbere  opposite  to  potash,  lime,  mmg- 
nesia,  aluminat  silica,  and  phosphoric  acid,  we  see  very 
striking  differences  in  the  quantities  of  these  substances, 
contained  in  equal  weights  of  the  above  different  kinds  of 
hay.  These  differences  lead  to  very  important  practical 
inferences  in  reference^ — 

1^.  To  the  kind  of  soil  in  which  each  will  grow  most 
Ittzuriantly. 

2^.  To  the  artificial  means  by  which  the  growth  of  each, 
may  be  promoted—- in  so  far  as  this  growth  depends  upon 
the  supply  of  inorganic  food  to  the  growing  plant. 

8°.  To  the  feeding  properties  of  each,  and  to  the  land  of 
stock  they  are  severally  most  fitted  to  nourish. 

To  these  and  other  important  practical  deductions  sug- 
gested by  the  above  tabulated  analyses — as  well  as  by  those 
previously  given— -of  the  inorganic  matters  contained  in 
the  several  varieties  of  vegetable  productions  usually  raised 
for  food,  we  shall  hereafter  have  frequent  occasion  to  revert. 
In  the  mean  time,  a  preliminary  enquiry  demands  our 
attention,  which  we  shall  proceed  to  consider  in  the  follow- 
ing section. 

§  3.  To  tohai  extent  do  the  crops  most  usually  cultivated^ 
exhaust  the  soU  of  inorganic  vegetable  food  1 

A  bare  inspection  of  the  tabular  results  exhibited  in  the 
preceding  section,  gives  but  a  faint  idea  of  the  extent  to 
which  the  inorganic  elementary  bodies  are  necessarily  with- 
drawn from  the  soil  in  the  ordinary  course  of  cropping. 

I.  Let  ns  consider  the  effect  upon  the  soil  of  a  still  too 
common  three  years'  course  of  cropping— ^a^/oto,  wheats 
oats,*  If  the  produce  of  such  a  course  be  25  bushels  of 
wheat  and  50  bushels  of  oats,  there  would  be  carried  from 
the  soil  every  three  years  in  pounds 


*  Common,  amon^  other  counties,  in  that  of  Dmrham.  There  are 
cases,  howeyer,  in  which  this  three  years'  course  may  not  be  indefen- 
sible, and  it  ncTer  could  be  compared  with  some  of  the  so-called  im- 
proved rotations  in  East  Lothian  in  the  time  of  Lord  Kames ;  as  for 
tnBtBjiCtf  faUmOy  barley^  dover,  manure  on  the  clover  stubble,  thentoA^o/, 
tertoy,  MtJ.— See  ne  QewOman  Farmer  (1802),  p.  147. 
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PoCaah 

WBBAT. 

OATS. 

Total. 

Gndn. 

Btraw. 

Qrain. 

Stmv. 

3-3 

0-6 

3-76 

32*7 

40  35 

Soda 

3-6 

0-9 

3-3 

— 

7-7 

Lime 

1-6 

7-2 

2-6 

6-7 

16*9 

MafDesia 

1-6 

1-0 

1-7 

0-8 

50 

Oxide  of  Iron 

— 

_ 

1-0 

^ 

1-0 

Silica 

6*0 

86-0 

50*0 

1720 

3140 

Sulpharic  Acid    . 

0-76 

1-0 

0-9 

3-0 

5*05 

Phoephonc  Acid  . 

0*6 

5-0 

1-43 

0-5 

7-53 

398-13 

The  ^om  weight  carried  off  in  these  crops  is  larg»— 
wnountiDg  to  about  400  lbs.  It  will  vary,  however,  with 
the  kiod  of  wheat  and  oats  which  are  grown,  and  may  often 
be  g^reater  than  this,*  The  greatest  portion  of  the  matter 
carried  off,  however — upward  of  three-fourths  of  the  whole 
—consists  of  silica ;  the  rest  of  the  materials  are  equal  to 

60  lbs.  of  dry  pearl-ash, 

80  lbs.  of  the  common  soda  of  the  shops, 

28  lbs.  of  bone-dust, 

12  lbs.  of  gypsum, 

5  lbs.  of  quick-lime, 

6  lbs.  of  magnesia,— or  for  the  last  three  may  be 
substituted  33  lbs.  of  common  Epsom  salts  and  17  lbs.  of 
quick-lime. 

The  form  in  which  the  silica  may  be  restored  to  the  soil 
in  a  state  in  which  the  plant  can  absorb  it,  will  be  con« 
sidered  hereafter. 

Though  large  as  a  whole,  the  weight  of  each  of  the  in- 
gredients, taken  singly,  is  not  great ;  and  yet  it  is  not  diffi- 
cult to  understand  that  if  a  constant  drain  be  kept  up  on 
the  soil  year  after  year,  and  the  practical  farming  adopted 
is  of  such  a  kind  as  not  to  restore  to  the  soil  a  due  propor- 
tion of  each  of  the  substances  carried  off — ^the  time  must 
come  when,  under  ordinary  circumstances,  the  soil  will  no 
longer  be  able  to  supply  the  demands  of  a  healthy  and 
luxuriant  vegetation* 

*  See  the  following  section  (f  4)  of  the  pieMDt  Lectuie. 


826P 


mWWECT  OF  A  VOVS  TBABs'  COUBSB. 


ir«  Let  us  next  consider  the  efiect  of  a  four-coarse  system 
in  withdrawing  these  inorganic  substances  from  the  soil.  And 
for  this  purpose  let  us  adopt  one  suited  to  the  lighter  soils — 
as  to  that  of  Norfolk — tumipSf  barley^  clover  and  rye  grass^ 
wheat. 

Let  the  crop  of  turnips  amount  to  25  tons  of  roots  per 
acre,  of  barley  to  38  bushels,  of  clover  and  rye  grass  each 
to  one  ton  of  bay,  and  of  wheat  as  before  to  25  bushels. 
Then  we  have  from  the  entire  rotation  in  poonds — 


Petadi 

Tamip 
Roou. 

barlry. 

(      Rid 
Cluvw. 

Ormat 

W  HKA'P.    ( 

T«uL 

56 

Straw 

33 

0-6 

146-5 

45 

450 

38-5 

2330 

Soda        .       . 

643 

5-8 

M 

13-0 

9^ 

3-5 

0^ 

966 

Lime 

45-8 

21 

12-9 

630 

165 

15 

72 

1490 

Magnesia 

15-5 

36 

1-8 

75 

20 

15 

10 

32-9 

Alumina  . 

2^ 

0-5 

34 

0-3 

0-8 

0-4 

2-7 

10^3 

Siliea 

33-6 

23« 

90-0 

80 

630 

60 

86-0 

399i! 

Sulphuric  Acid 

49*0 

1-3 

28 

100 

80 

0-8 

10 

•328 

Phosphoric  do . 

2-24 

4-2 

37    150 

0-6 

0-6 

50 

515 

Chlorine 

145 

0-4 

J -5 

80 

01 

0-2 

0-9 

256 

970-9* 

On  comparing  the  numbers  in  the  last  column— contain- 
ing tho  total  quantities  of  matter  abstracted — with  those 
contained  in  the  three  years'  rotation  (p.  325),  we  see  how 
very  much  larger  an  addition  must  be  made  to  the  land 
every  fourth  year,  if  we  are  to  restore  to  it  any  thing  like 
an  equivalent  for  the  inorganic  matter  carried  off. 

It  will  be  especially  observed  that  the  quantity  of  potash, 
and  of  soda,  and  indeed  of  nearly  every  ingredient  except  the 
silica,  carried  off  in  this  course  of  cropping,  is  much  greater* 
even  in  proportion  to  the  time  it  occupies,  than  in  the  three- 
year  shift — and  that  nine-tenths  of  the  potash  and  soda  iritA- 
drawn  from  the  soil  are  conimned  in  the  green  crops. 

To  place  the  relative  effect  of  the  green  and  corn  crops 
upon  the  soil  in  a  clearer  light,  I  shall  exhibit  the  several 
quantities  of  common  and  art^ial  salts  and  manures  which 
it  would  be  necessary  to  add  to  each  acre  at  the  beginning  of 

*  This  is  exclusive  of  the  turnip  tcps,  which  I  have  omitted,  from 
not  knowing  what  proportion  their  weight  in  the  green  state  genenJly 
bears  to  that  of  the  roots. 
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this  rotation,  in  order  to  supply  the  Tarious  inorganic  sub* 
stances  about  to  be  talcen  from  the  land  in  the  next  four 
years'  cropping.  These  quantities  are  as  follow,  in 
pounds : — 


Dry  Pearl-ash 

Crystallized  Carbooate  of  Soda* 

Comraon  Salt 

Gypsum          -  -  - 

Quick*  lime     -  -  - 

E|)8ora  Salts  -  -  - 

Alum     -        -  -  - 

Bone-dust       -  -  - 


For  the 

For  the 

Green  Crops. 

Com  Crops. 

316 

9 

290 

43 

38 

5 

30 

— 

100 

7 

150 

50 

27 

56 

150 

60 

With  the  exception  of  the  silica,  the  substances  above- 
named,  in  the  quantities  given,  will  replace  all  the  inorganic 
matters  contained  in  the  whole  crop  reared,  the  turnip  tops 
alune  not  included.  A  single  glance  at  the  second  and  third 
columns  shows  how  much  greater  a  proportion  of  all  these 
substances  is  necessary,  to  return  what  the  green  crops  have 
taken  from  the  land. 

That  the  fertility  of  the  soil  depends  in  some  considerable 
degree  on  the  quantity  of  the  alkaline  and  other  compounds 
present  in  it,  there  can  be  no  question, — since  not  only  do 
we  find  extraordinary  natural  luxuriance  of  vegetation 
where  some  of  these  happen  to  be  present  in  the  soil,  but  we 
can  often  greatly  increase  the  apparent  productiveness  of 
our  fields  by  spreading  such  substances  over  them  in  suffi- 
cient quantity. 

How  comes  it,  then,  that  the  green  crops  which  carry  off 
all  these  substances  in  the  greatest  quantity  by  very  much, 
should  yet  least  injure  the  land, — nay,  should  rather  renew 
and  prepare  it  again  for  the  growth  of  crops  of  corn  ? 

This  is  one  of  the  most  interesting  practical  questions  which 
can  present  itself  to  us  in  the  existing  state  of  theoretical 
agriculture  ;-— but  it  woukl  carry  us  away  from  our  more  im* 
mediate  object,  were  we  prematurely  to  enter  upon  the  dis- 

•  Or  for  every  100  lbs.  of  the  common  carbonate  of  soda  may  bs 
sabscituted  40  lbs.  of  common  salt  or  60  lbs.  of  dry  nitxate  of  soda. 
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cussion  of  it  in  this  pkce.  It  will  hereafter  demand  our 
especial  atteotioD,  when  we  shall  have  become  familiar  with 
the  nature  and  origin  of  soils. 

I  may  be  permitted,  however,  to  draw  your  attention  here 
for  a  moment — as  neither  out  of  place,  nor  uninteresting,  for 
many  reasons, — to  an  opinion  expressed  by  laebig  on  the 
question  why  wheat  prefers  stiff  and  clayey  mnU.  ^  Again,'' 
he  says,  ^  how  does  it  happen  that  wheat  does  not  flourish 
in  a  sandy  soil,  and  that  a  calcareous  soil  is  also  unsuitable 
for  its  growth,  unless  it  be  mixed  with  a  considerable  quan- 
tity of  clay  ?  It  is  because  these  soils  do  not  contain  alca- 
lies  in  sufficient  quantity,  the  growth  of  wheat  being  ar- 
rested by  this  circumstance,  even  should  all  other  substances 
be  presented  in  abundance."* 

Without  dwelling  on  the  fact  that  excellent  crops  of 
wheat  are  reaped  in  some  parts  of  our  island  from  sandy  and 
calcareousf  soils — what  kind  of  crops,  we  may  ask,  can  be 
reared  with  success  on  the  lighter  soils  to  which  wheat  seems 
least  adapted  ?  The  turnip  rejoices  in  light  land,  and  the 
potatoe  not  unfrequently  attains  the  greatest  perfection  on 
a  sandy  soil.  Yet  ten  tons  of  potatoe  roots,  or  twenty  of 
turnip  bulbs, — exclusive  of  the  tops — contain  nearly  ten 
times  as  much  of  the  two  alcalies,  potash  and  soda,  as  fifty 
Irasheis  of  wheat  with  its  straw  included  4  What  ground 
is  there,  then,  for  the  explanation  given  by  Liebig — of  the 
peculiar  qualities  of  the  so-called  wheat  lands  ?  We  might 
with  far  greater  show  of  reason  assume  the  converse  of  his 
proposition,  and  infer  that  wheat  does  not  prefer  sandy  soils 
because  they  are  too  rich  in  alkali  !  It  is  singular,  and  would 
almost  seem  to  strengthen  this  converse  proposition,  that 
beans,  peas,  and  vetches,  which  are  so  often  resorted  to  as 
a  good  preparative  for  wheat,  contain  also  a  much  larger 


*  Orgwuic  Ckemistry  applied  to  /Lgriadbure^  p.  151. 

t  On  the  thin  chalk  soils  of  the  Yoikshire  Wolds  a  crop  of  wheal 
IB  taken  CTerjrfour  or  five  years,  yielding  anaTerageof  diorSS  bushels. 
The  rotation  is  turnips,  barley,  clover  or  beans,  wheat.  • 

}  According  to  the  analyses  of  Sprengel  given  in  the  previous  pa^ 
ten  tons  of  potatoes  contain  143  lbs.  of  alcalies,  twenty  tons  of  tuniipi 
154  lbs.,  and  tScj  bushels  of  wheat  with  its  straw  only  16  lbs. 


W 
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quantity  of  alkali  than  the  latter  grain.  Thus  the  grain 
and  straw  together  of  twenty-six  bushels  of  beans  contain 
71  lbs.,  of  twenty  bushels  of  peas  26  lbs.,  and  of  twenty 
bushels  of  vetches  74  lbs.  of  potash  and  soda  taken  together. 
As  I  have  already  stated,  however,  we  are  not  yet  prepared 
for  discussing  this  very  curious  and  interesting  question. 

§  4.  Of  the  dlleeed  constancy  of  the  uforganic  constituents 

of  plants^  in  kmd  and  quantity. 

In  the  preceding  lecture  (ix.  p.  260),  it  was  stated  that 
the  ash  of  the  same  plant,  if  ripe  and  healthy,  is  nearly  the 
same  in  kind  and  quality  in  whatever  circumstances  (if  fa- 
vourable) of  soil  and  climate  it  may  grow.  This  general 
observation,  however,  is  colMistent  with  certain  difierences 
in  the  above  respect,  which  are  not  without  interest  in  their 
bearing  upon  agriculture  both  in  theory  and  practice.  Thus 

1^.  The  different  parts  of  the  same  plant  contain  quan- 
tities of  inorganic  matter,  not  only  different  in  their  gross 
weights,  but  unlike  also  in  the  relative  proportions  of  the 
several  substances  of  which  the  entire  ash  consists.  Both 
of  these  points  have  been  previously  illustrated  (pp.  262» 
264),  and  they  are  placed  in  the  clearest  light  by  the  tabu- 
lated analyses  introduced  into  the  precedinff  section. 

2^.  The  quantity  and  relative  proportions  of  the  dif- 
ferent inorganic  substances  also  vary  with  the  season  of 
the  year  at  which  the  examination  is  made.  Thus  accord- 
ing to  De  Saussure,  plants  of  the  same  wheat  which  a  month 
before  flowering  left  7*9  per  cent,  of  ash,  left  when  in 
flower  only  5*4,  and  when  ripe  8*8  per  cent.  The  quantity 
of  potash  in  the  potatoe  leaf  diminishes  very  moch  as  the 
plant  approaches  to  maturity  (Afollerat)— and  the  same  has 
been  observed  in  many  saltworts  and  other  sea-side  plants. 
In  the  young  plant  of  the  saHsola  cUmtfcUa  there  is  much 
potash  and  no  soda,  but  as  its  age  increases  the  latter  alkali 
appears,  and  gradually  takes  the  place  of  the  former.* 


•  Meyen,  Jokraibefiekt,  1839,  p.  185.  In  regard  to  ihMe  ialtrlovii^ 
plains,  which  generally  «bouxid  in  soda,  a  cunmu  obfervadon  was 
long  ago  made  bv  CaaeL  He  states  that  if  a  plant  of  common  sal^ 
wort  {saisola  saUj  be  transplanted  into  an  inland  district— and  seed 
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It  is  probably  true,  therefore,  of  aH  plants — that  the  aah 
both  in  kind  and  quantity  is  affected  by  the  age  at  whieb 
the  plant  has  arrived.  It  would  appear  that  the  unlike 
chemical  changes  which  take  place  in  the  interior  of  the 
plant,  at  the  successive  periods  of  its  growth,  require  the 
presence  of  different  chemical  agents — or  that  the  produc- 
tion  of  new  parts  demands  the  co-operation  of  new  sub- 
stances. 

8^.  Similar  differences  are  sometimes  observed  also 
when  the  same  plant  is  grown  in  different  soils.  Thus  it 
is  known  that  the  straw  of  the  oat  grown  upon  boggy  land 
is  very  different  in  colour  and  lustre,  from  that  yielded  by 
the  same  variety  of  seed,  when  grown  upon  sound  and  solid 
soil.  I  lately  examined  two  such  portions  of  straw  from 
the  same  seed — ^grown  on  the  same  farm  on  the  estate  of 
Dunglass,  the  one  on  boggy,  the  other  on  sound  stiff  land, 
when  the  straw  from  the 

Sound  land  left  6*64  per  cent,  of  ash,  and  from  the 

Boggy  land 6*2  per  cent,  of  ash  ; 

while  the  inlica  contained  in  the  ash  from  the 

Sound  land  amounted  to  3*42  per  cent,,  and  from  the 

Boggy  land to  1*90  per  cent,  of  the  weight 

of  the  straw. 

A  remarkable  difference,  therefore,  existed  in  the  relative 
proportions,  at  least  of  the  silica,  in  these  two  varieties  of 
•straw,  and  this  difference  can  be  attributed  only  to  the  un- 
Jike  nature  of  the  soils  in  which  the  two  samples  were 
.grown.  But  on  boggy  soils  the  oat  plant  is  unhealthy,  and 
tn  general  neither  fills  its  ear,  nor  ripens  a  perfect  seed;— 
the  difference  in  the  ash  in  this  case,  therefore,  cannot  be 
considered  as  entirely  opposed  to  the  general  proposition, 
that  in  a  heaUhy  state,  plants  at  the  same  period  of  their 
growth  always  yield  nearly  the  same  weight  of  ash. 

• 

firom  this  plant  be  afterwards  sown,  the  second  race  of  olants  will  con- 
tain much  potash,  but  scarcely  a  trace  of  soda.  OmeIin*s,  HamiimA 
der  Chemie^  11.^  p.  1492.  Potash  may  thus  take  the  place  of  soda  for 
a  time,  but  removed  from  its  native  kabiUUf  the  plant  would  in  a  few 
genenuions  die  out  and  dis^pear. 
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Bdt  that  different  expertmenters  have  obtained  very  un* 
Kke  quantities  of  ash,  from  the  most  common  cuUivatod 
plants,  apparently  in  a  state  of  health,  when  grown  under 
different  circumstances  of  soil  and  climate, — does  appear  to 
contradict  this  general  proposition.  Thus  100  lbs.  of  r^ 
wheat  straw  leave  of  ash 

4*8  lbs.  de  Saussure ;  4*4  lbs.  Berthier ; 

3*5  lbs.  SprengeJ ;  15*5  lbs.  Sir  H.  Davy; 

while  the  straw  of  one  variety  of  red  wheat  grown  on  a 
clay-loam,  at  Aykley  Heads,  near  Durham,  gave  me  6-6  per 
cent.,  and  that  of  two  other  varieties  of  red  wheats  grown 
near  Dalton,  in  Ravens  worth  Dale,  Yorkshire,  a  country 
abounding  in  limestone — and  on  the  same  field— left  respec- 
tively 12*15  and  16.5  per  cent,  of  ash.  The  difference  of 
4  per  cent,  between  these  last  two  results,  shows  that  the 
quantity  of  ash  depends  much  upon  the  variety  of  grain  ex- 
amined— ^though  to  what  extent  all  the  great  differences 
obtained,  as  above  shown,  are  to  be  ascribed  to  this  cause 
alone,  it  is  impossible  to  say,  until  numerous  other  experi- 
ments shall  have  been  instituted. 

One  thing,  however,  is  manifest,  that  the  quantities  of 
inorganic  matter  necessarily  contained  in  a  crop  of  wheat| 
given  in  a  previous  page  (p.  318)  on  the  authority  of 
Sprengel,  must  be  considered  as  probably  far  below  the  mean 
proportion,  since  some  varieties  yield,  in  the  form  of  ash, 
about  six  times  as  much  as  is  there  stated. 

Every  one  knows  how  uncertain  general  conclusions  are, 
—or  explanations  of  natural  phenomena, — when  deduced 
from  single  observations  only,  and  of  this  truth  the  above 
results  present  us  with  a  useful  illustration.  Thus  Liebig, 
in  his  Organic  Chemistry  applied  to  Agriculture  (p.  152),  to 
which  we  have  had  frequent  occasion  to  refer — explains 
why  land  will  refuse  to  grow  wheat,  and  may  yet  produce 
good  crops  of  oats  or  barley  in  the  following  manner  :— - 
'*  One  hundred  parts  of  the  stalks  of  wheat  yield  15*5  parts 
of  ashes  (H.  Davy)  :  the  same  quantity  of  the  dry  stalks  of 
barley  8*54  (Schrader),  and  one  hundred  parts  of  the  stalks  of 
oats  only  4*42.  The  ashes  of  all  are  of  the  same  compositioai 
We  have  in  these  facts  a  clear  proof  of  what  plants  require 
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for  thei^  growth.    Upon  the  bubo  field  which  will 
only  one  harrest  of  wheat,  two  crops  of  barley  and  three 
of  oats  may  be  raised*" 

In  this  passage  it  has  been  assaraed  that  the  ash  of  wheat 
and  other  straws  is  constant  in  quantity,  that  wheat  straw 
always  contains  much  more  than  that  of  oats  or  barley,  and 
that  the  4uh  is  in  each  ease  of  the  same  composition  (see 
above,  pp.  318  to  3^), — all  of  which  premises  being  incor- 
rect, the  conclusion  must  of  course  be  rejected. 

But  the  straw  of  barley  and  oats  also,  according  to  dif- 
ferent authorities,  leaves  very  unlike  quantities  of  ash. 
Thus,  according  to  Sprengel  and  Schrader,  100  lbs.  of 

SprangeL  8ehnd«r. 

Oat  straw  leave ^-74  lbs.         4*42  lbs. ;        6*6  J. 

Bariey  straw 5-24  lbs.         8-54  lbs. ; 

we  cannot  help  conceding,  therefore,  generally,  in  regard  to 
the  cereal  grasses,  that  different  vasibtibs,  at  least,  of  Um 
same  plants  may  comUnn  inorganic  matter  in  diferentpfo^ 
fOTtions* 

But  certain  analyses  which  have  been  made  seem  to  de* 
mand  a  still  further  concession.  Thus  De  Saussure  found 
that  the  ash  left  by  the  same  tree  or  shrah-^y  the  fir  or 
the  juniper  for  example-differed  both  in  kind  and  in  quan* 
tity,  according  as  it  grew  upon  a  granitic  or  calcareous  soil. 
Berthier  also  found  the  ash  of  a  piece  of  Norway  |MDe 
(  pinus  abies)  to  differ  very  much  from  that  of  the  wooid  of 
the  same  pine  grown  in  France.  From  these  and  a  few 
other  observations,  the  conclusion  has  been  very  generally 
drawn  by  vegetable  physiologists,  that  the  ash  of  plants  in 
seneral  is  determined  both  in  kind  and  quantity  hy  the  sod 
fit  which  they  grow. 

This  is  very  likely  to  be  true  to  a  tertam  extent^  as  we 
have  seen  in  the  straw  of  the  bog  oat  above  adverted  to^  hut 
a  sufficient  number  of  accurate  comparative  analyses  of  the 
ash  of  cultivated  plants*  has  not  yet  been  published,  to  oiable 


*  Five  samples  of  the  seme  variety  of  wheat  (Hunter's   vrheai) 
grown  on  dinecent  soils  in  the  neighbourhood  of  Haddington,  gKm 
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118  to  determiDe  the  precise  inflaence  of  the  soil  in  all  caaeeu 
It  is  impoesibie,  however,  that  the  prevailing  character  of 
the  soil  can  have  more  than  a  general  infiuence  on  the  char* 
acter  of  the  ash  of  any  living  vegetable— «o  long  as  iheplani 
retains  a  heaUhy  state.  The  experiments  of  De  Saussure  do 
not  appear  to  have  been  made  with  sufficient  care,*  while 
the  only  comparative  experiment  of  Berthier  is  open  to  ob* 
jections  of  another  kind. 

I  have  said  that  the  quantity  and  kind  of  the  ash  is  like- 
ly to  be  affected  by  the  character  of  the  soil  to  a  certain  est* 
tenL  The  following  considerations  seem  to  embody  nearly 
all  the  sources  of  such  variation,  of  which  we  can  at  pre« 
sent  speak  witb  any  degree  of  certainty  ; — 

1°«  Plants  at  different  periods  of  their  growth  require  for 
the  production  of  their  several  parts,  and  therefore  approprt* 
ate  from  the  soil  different  inorganic  substances  ;f  hence  the 
ash  will  vary  with  the  age  of  the  plant* 

2  •  If  the  substances  necessary  for  the  perfection  of  one 
or  more  parts  of  a  plant  abound  in  the  soil,  its  chief  develop- 

me  yery  nearly  the  same  proportions  of  ash.    Thus  the  sample  grown 

on  a  per  cent, 

1^.  Deep  reddish  clay  loam,  subtoU  gravel,  left  1-776 
2^.  Red  clay  on  gravel  ....  1*787 
3^.  Stiff  clay  on  retentive  subsoil .  .        1*903 

4^.  Light  clay  on  rather  retentive  subsoil  1*917 

5^.  Light  turnip  land  .        .        1*824 

These  results  approach  Ter3r  near  each  other.    The  differences  m 

perhaps  too  slight  to  justif3r  us  in  concluding  that  the  ash  is  greatest  in 

quantity  when  the  subsoil  is  most  retentive. 

*  The  accurdcy  of  De  Saussure's  analyses  is  rendered  very  doubtful 
by  the  fact  that,  m  the  ash  of  all  the  different  trees  and  shrubs  he  ex- 
amined, he  found  a  hu^  quantity,  in  thai  of  the  juniper  as  much  as  43 
per  cent,  of  dtwmna^  and  in  that  of  the  pine  from  Vi  to  16  per  cent, 
while  Berthier,  whose  skill  is  undisputed,  found  no  alumina  in  the  ash 
of  any  of  the  numerous  trees  on  which  bis  experiments  were  made. 

t  This  fact  indicates  an  exceedinsty  interesting  field  of  chemical 
research  in  conneciion  with  practical  agriculture.  What  substance 
will  bring  this  or  that  seed  into  early  leaf  1— what  will  hasten  its  growth 
in  middle  lifel— what  will  bring  it  to  early  maturity  1  The  wheat  stalk 
and  the  potatoe  require  more  potash  while  in  rapid  growth.  This 
growth  may  be  coniinusd  and  prolonged  by  (he  presence  of  ammo- 
nia] while  lime  is  said  to  bring  it  sooner  to  a  close,  and  to  give  an 
earlier  harvest  How  valuable  would  be  the  multiplicatioii  m  such 
frets! 

29* 
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ment  will  take  tbe  direction  of  those  parts.  Thus  one 
plant  wiU'ruti  to  leaf  or  straw,  another  to  flower  and  seed. 
Thus  also  in  the  grain  of  one  crop  of  wheat  more  gluten  is 
produced  than  in  that  of  another,  and  as  this^utenappesn 
to  contain  the  phosphates  of  lime  and  magnesia,  as  essen- 
tial constituents,  the  ash  will  necessarily  vary  with  the 
gluten  of  the  seed. 

8^.  Some  substances  appear  to  enter  into  the  circulation 
of  plants  not  so  much  as  actual  and  necessary  constituents 
of  the  parts  of  the  vegetable,  as  to  serve  as  media  or  agents 
by  which  other  compounds,  both  organic  and  inorganic, 
may  be  conveyed  to  the  plant.  Thus  common  salt  appeeis 
to  enter  many  plants  for  the  purpose  of  supplying  soda,  its 
chlorine  being  discharged  by  the  leaf.  Silica  enters  the 
plant  chiefly  in  the  form  of  silicate  of  potash  or  soda. 
When  it  reaches  its  proper  destination — the  stalks  of  the 
grasses  for  instance — this  silicate  is  decomposed  chiefly  by 
the  carbonic  acid,  which  is  always  present  in  the  pores  of 
the  green  stem,  the  silica  is  deposited  and  tbe  alkali  pro- 
ceeds downwards  with  the  sap  as  a  soluble  carbonate,  or  in 
combination  with  some  other  organic  acid.  Thus  the  same 
portion  of  alkali  may  return  many  times  into  the  circulation 
with  this  or  with  other  materials  which  the  parts  of  the 
plant  require,  and  every  new  burden  it  deposits  will  neces- 
sarily cause  a  new  variation  in  the  relative  proportions  of 
the  several  inorganic  constituents  which  are  afterwards  de- 
tected in  the  ash. 

4^.  As  the  water  which  enters  by  the  roots  alwajrs  brings 
with  it  some  soluble  substances,  the  quantity  of  these  con- 
veyed into  the  plant  will  be  materially  afiected  by  the 
amount  of  evaporation  from  the  leaves ;  and  hence,  aAer  a 
long  drought,  the  leaves  of  the  turnip,  the  potatoe,  and  other 
plants,  will  yield  a  larger  proportion  of  ash  than  will  be  ob- 
tained from  them  in  moist  and  rainy  weather. 

5°.  In  the  mineral  kingdom  it  is  found  that  one  substance 
may  not  unfrequently  take  the  place,  and  perform  the  func- 
tions of  another.  Thus  potash  and  soda  replace  each  other 
in  certain  minerals,  as  do  also  lime  and  magnesia  and  tbe 
phosphoric  and  arsenic  acids.     It  has  been  supposed  that  a 
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similar  iDterchange  may  take  place  in  the  vegetable  king- 
dom — that  when  the  plant  cannot  get  potash  it  will  take 
soda — ^that  when  it  can  get  neither,  it  will  appropriate  lime» 
and  so  on.  Such  a  conjectural  interchange  may  possibly 
take  place  in  a  small  degree,  for  a  limited  time,  and  in  cer« 
tain  plants,  without  materially  affecting  their  apparent 
healthr—but  it  is  not  by  trusting  to  such  resources  of  nature 
that  a  luxuriant  vegetation  or  plentiful  crops  will  ever  be 
reared  by  the  practical  agriculturist. 

Admitting,  however,  all  these  sources  of  variation  in  the 
kind  and  quantity  of  the  ash  obtained  from  different  plants, 
the  sound  practical  conclusions  from  all  we  know  on  die 
subject  at  present  seem  to  be — 

1^.  That  certain  inorganic  substances,  in  certain  proper* 
tions,  are  necessary  to  all  plants  usually  cultivated  for  food 
-^if  they  are  to  be  reared  or  maintained  in  a  kedUky  state. 

2^.  That  we  must  seek  for  these  necessary  substances  in 
the  inorganic  constituents  which  are  present  in  the  richest 
crops  of  every  kind — in  the  produce  of  the  most  fertile 
soils.* 

3°.  That  where  these  necessary  substances  are  not  pre* 
sent  in  any  soil,  we  may  infer  that  it  will  prove  unfit  to 
yield  a  luxuriant  crop  of  a  given  kind ;  or,  on  the  other  hand» 
where  these  substances  are  not  to  be  detected  in  the  ash  of 
the  plant,  that  the  fault  of  the  crop,  if  any,  may  be  ascribed 
to  their  partial  or  total  absence  from  the  soil  on  which  it 
grew. 

These  conclusions  form  the  basis  of  an  enlightened  and 
scientific  practical  agriculture.  This  basis,  however,  re* 
quires  to  be  strengthened  and  enlarged  by  further  experi- 
mental investigations. 

•  "I have  examined,"  says  Sprengel.  "the  finest  sead-eoros  fiwm 
many  localities,  and  I  have  WTanably  found  the  quantities  not  only  of 
the  organic  substances — starch,  suear.  Ace — but  also  of  the  inorganic 
eompounds  in  all  the  celebrated  seed-corns,  so  perfectly  alike,  that  on« 
wouM  have  thought  thev  had  all  grown  on  one  and  the  same  soil."— - 
Likre  vom  Diinger,  f.  43. 


LECTURE  XI. 

Naturo  and  origin  of  Soils. — Ornmic  matter  in  tha  aoiL— General  oon- 
stittttion  of  uie  earthy  part  of  the  soil. — Classification  of  soils  from 
their  chemical  constituents. — Method  of  approximate  analysis  for  the 
purposes  of  classification. — Grenend  ori^  of  soils  and  subsoils.^ 
Structure  of  the  earth's  crust — Stratifinl  and  unstratified  rocks.— 
CrumbUoff  or  degradation  of  rocks. — Dirersitv  of  soils  produced. — 
Superfictal  accumulations. — ^Tabular  view  of  tiie  character  and  a^ii- 
cuJEural  capabilities  of  the  soiU  of  the  di&reni  parts  of  Great  "^  ' 


Such  are  the  inorganic  compounds  which  minister  to  the 
growth  of  plants,  and  such  the  proportions  in  which  they 
severally  occur  in  the  living  v>egetahle.  Whence  are  these 
inorsanic  constituents  all  derived  ? 

We  have  seen  that  the  atmosphere,  when  pure,  contains 
no  inorganic  matter,  and  that  if  dust,  spray,  or  vapours  oc- 
casionally float  in  the  air,  and  are  carried  by  the  winds  to 
great  distances — yet  that  they  are  only  accidentally  present, 
and  cannot  be  regarded  as  a  source  from  which  the  general 
vegetation  of  the  globe  derives  a  constant  supply  of  those 
mineral  substances  which  are  necessary  to  its  healthy  ex- 
istence* 

The  soil  on  which  they  grow  is  the  only  natural  source 
from  which  their  inorganic  food  can  be  derived.  We  are 
led,  therefore,  as  the  next  subject  of  our  study,  to  enquire 
into  the  nature  and  origin  of  soils.* 

§  1.  Of  the  organic  matter  in  the  toU. 

Soils  difier  much  as  regards  their  immediate  origin,  their 
physical  properties,  their  chemical  constitution,  and  their 
agricultural  capabilities ;  yet  all  soils  which  in  their  existing 
state  are  capable  of  bearing  a  profitable  crop,  possess  one 
common  character — they  all  contain  organic  matter  in  a 
greater  or  a  less  proportion^ 

*  On  the  subject  of  this  and  the  following  lecture,  the  reader  wiO 
consult  with  advantage  an  excellent  little  work,  "  0»  Ue  neimrt  mmd 
property  of  sails"  by  Mr.  John  Morton. 


mopoBTioxr  of  oboairc  mattes  in  aons»      887 

This  organio  matter  oonsists  in  part  of  decayed  animaly 
but  chiefly  of  decayed  vegetable  substances*  sometioMS  in 
brown  or  black  fibrous  portions,  exhibiting  still,  on  a  careful 
examination,  something  of  the  original  structure  of  the  or- 
ganized substances  from  which  they  have  been  derived — 
sometimes  forming  only  a  fine  brown  powder  intimately  in- 
termixed with  the  mineral  matters  of  the  soil — sometimes 
scarcely  perceptible  in  either  of  those  forms,  and  existing 
only  in  the  state  of  organic  compounds  more  or  less  void  of 
colour  and  at  times  entirely  soluble  in  water.  In  soils 
which  appear  to  consist  only  of  pure  sand,  or  clay,  or  chalk, 
organic  matter  in  this  latter  form  may  often  be  detected  in 
considerable  quantity. 

The  proportion  of  organic  matter  in  soils  which  are  natur- 
ally productive  of  any  useful  crops,  varies  from  one-half  to 
70  per  cent,  of  their  whole  weight.  With  less  than  the  for- 
mer proportion  they  will  scarcely  support  vegetation — ^with 
more  than  the  latter,  they  require  much  a&iixture  before 
they  can  be  brought  into  profitable  cultivation.  It  is  only 
in  boggy  and  peaty  soils  that  the  latter  large  proportion  is 
ever  found — ^in  the  best  soils  the  organic  matter  does  not 
average  five  per  cent.,  and  rarely  exceeds  ten  or  twelve* 
Oats  and  rye  will  grow  upon  land  containing  onlv  one  or 
one  and  a  half  per  cent. — ^barley  where  two  or  three  per 
cent,  are  present — ^but  good  wheat  soils  contain  in  general 
from  4  to  8  per  cent.,  and,  if  very  stifi*  and  clayey,  from  10 
to  ]  2  per  cent,  may  occasionally  be  detected. 

Though,  however,  a  certain  proportion  of  organic  matter 
is  always  found  in  a  soil  distinguished  for  its  fertility,  yet 
the  presence  of  such  substances  is  not  alone  sufficient  to 
impart  fertility  to  the  land.  I  do  not  allude  merely  to  such  as 
like  peaty  soils  contain  a  very  large  excess  of  vegetable  mat- 
ter, but  to  such  also  as  contain  only  an  average  proportion. 
Thus  of  two  soils  in  the  same  neighbourhood— the  one  con- 
tained 4*05  per  cent,  of  organic  matter,  and  was  very  fruit- 
ful-—the  other  4*19  per  cent.,  and  was  almost  barren.  This 
fact  IS  consistent  with  what  has  been  stated  in  the  two  pre- 
ceding lectures,  in  regard  to  the  influence  exercised  by  the 
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dead  inorgatue  matter  of  the  soil*  on  the  general  health  and 
luxuriance  of  vegetation* 

^2.  Chneral  ctmsHuaion  of  the  earthy  part  of  the  soil. 

From  what  is  above  stated,  it  appears  that,  on  a  general 
average,  the  earthy  part  of  the  soil  in  our  climate  does  not 
constitute  less  than  96  per  cent,  of  its  whole  weight,  when 
free  from  water.  This  earthy  part  consists  principally  of 
three  ingredients : — 

1^.  Of  Silica^  siliceous  sand,  or  siliceous  gravel — of  vari- 
ous  degrees  of  fineness,  from  that  of  an  inpalpable  powder 
as  it  occurs  in  clay  soils,  to  the  large  and  more  or  less 
rounded  sandstones  of  the  gravel  beds. 

2°.  Alumina — generally  in  the  form  of  clay,  but  occa- 
sionally occurring  in  shaly  or  slaty  masses  more  or  lees 
hard,  intermingled  with  the  soil. 

3°.  Limef  or  carbonate  of  lime — ^in  the  form  of  chalk,  or 
of  fragments  more  or  less  large  of  the  various  limestones 
that  are  met  with  near  the  surface  in  different  countries. 
Where  cultivation  prevails  it  often  happens  that  all  the  lime 
which  the  soil  contains  has  been  added  to  it  for  agricultural 
purposes — ^in  the  form  of  quick-lime,  of  chalk,  of  shell  sand, 
or  of  one  or  other  of  the  numerous  varieties  of  marl,  which 
different  districts  are  known  to  produce. 

It  is  rare  that  a  superficial  covering  is  any  where  met 
with  on  the  surface  of  the  earth,  which  consists  solely  of 
any  one  of  these  three  substances — a  soil,  however,  is  called 
sandy  in  which  the  siliceous  sand  greatly  predominates,  and 
calcareous^  where,  as  in  some  of  our  chalk  and  limestone 
districts,  carbonate  of  lime  is  present  in  considerable  abun* 
dance.  When  alumina  forms  a  large  proportion  of  the  soil, 
it  constitutes  a  day  of  greater  or  less  tenacity. 

The  term  clay^  however,  or  pure  cUty,  is  never  used  by 
writers  on  agriculture  to  denote  a  soil  consisting  of  alumina 
only,  for  none  such  ever  occurs  in  nature.  The  pure  porce» 
lain  days  are  the  richest  in  alumina,  but  even  when  free 
from  water  they  contain  only  from  42 to  48  percent,  of 
this  earth,  with  from  62  to  58  of  silica.    These  occur,  how- 
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ever,  only  in  isolated  patches,  and  never  alone  form  the  soil 
of  any  considerable  district.  The  strongest  clay  soils  which 
are  any  where  in  cultivation  rarely  contain  more  than  35 
per  cent,  of  alumina.* 

Soils  in  general  consist  in  great  part  of  the  three  sub- 
stances  above  named  in  a  state  of  mechanical  mixture*  This 
is  always  the  case  with  the  siliceous  sand  and  with  the  car- 
bonate of  lime — but  in  the  clays  the  silica  and  the  alumina 
are,  for  the  most  part,  in  a  state  of  chemical  combination. 
Thus,  if  a  portion  of  a  stiff  clay  soil  be  kneaded  or  boiled 
with  repeated  portions  of  water  till  its  coherence  is  entirely 
destroyed,  and  if  the  water,  with  the  finer  parts  which  float 
in  it,  be  then  poured  into  a  second  vessel,  the  whole  of  the 
soil  will  be  separated  into  two  portions— a  fine  impalpable 
powder  consisting  chiefly  of  clay,  poured  off  with  the  water, 
and  a  quantity  of  siliceous  or  other  sand  in  particles  of  va- 
rious sizes,  which  will  remain  in  the  first  vessel.  This  sand 
was  only  mechanically  mixed  with  the  soil.  The  fine  clay 
retains  still  some  mechanical  admixtures,  but  consists  chiefly 
of  silica  and  alumina  chemically  combined. 

Of  the  porcelain  clays  above  alluded  to,  there  are  several 
varieties,  three  of  which,  containing  the  largest  proportion 
of  alumina,  consist  respectively  of — 


I. 

II. 

m. 

Silica    •     < 

►     47-03 

46*92 

46-0 

Alumina.    < 

>     89-23 

84*81 

40-2 

Water  .     , 

.     13-74 

18-27 

13-8 

100-00  100-00  lOO-Of 

•  In  an  interestmg  paper  on  subsoil  ploughing  by  Mr.  H.  S. 
Thompson,  in  the  report  of  the  Yorkshire  Agricultural  Society  for 
1837^  p.  47,  it  is  stated  that  the  lias  clays,  which  fonn  the  subsoil  in 
certain  parts  of  Yoricshire,  contain  sometimes,  tn  HU  dryUaU,  a$  muek 
as  54  jw  cent,  of  alumina  (?) 

t  When  heated  to  redness  the  whole  of  the  water  is  driven  off  from 
these  days,  and  they  then  consist  respectively  of— 

SiUca     ....    54*5  57-4  53-4 

Alumina    ...    45*5  42-6  46*6 

1000  1000  lOO-O 

which  numbers  are  in  accordance  with  those  given  at  the  foot  of  the 
preceding  page. 
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But,  as  already  stated,  these  clays  rarely  form  a  soil — ^the 
stifiest  clays  treated  by  the  agriculturist  containiiig  a  further 
portion  of  silica,  some  of  which  is  mechanically  mixed,  and 
can  be  partially  separated  by  mechanical  means* 

The  strongest  agricultural  clays  (pipe-days)  of  which 
trustworthy  analyses  have  yet  been  published,  consist,  in 
the  dry  state,  of  66  to  62  of  silica,  from  86  to  40  of  alumina, 
8  or  4  of  oxide  of  iron,  and  a  trace  of  lime.  Clays  of  this 
composition  &re  distinguished  by  the  foreign  agricultural 
writers  as  pure  clays.  They  are  all  probamy  made  up  of 
some  of  the  varieties  of  porcelain  clay,  more  or  less  intimate- 
ly mixed  with  siliceous  and  ochrey  particles^in  so  minute 
a  state  of  division  that  they  cannot  be  separated  by  the 
method  of  decantation  above  described. 

These  clays  are  adopted  by  the  German  and  French  wri- 
ters as  a  standard  to  which  they  can  liken  clay  soils  in  gen> 
eral,  and  by  comparison  with  which  they  are  enabled  dis- 
tinctly to  classify  and  name  them.  As  the  use  of  the  term 
clay  in  this  sense  has  been  introduced  into  English  agricuU 
tuiul  books,*  and  as  it  is  really  desirable  to  possess  a  word 
to  which  the  above  meaning  can  be  attached,  I  shall  ven- 
ture in  future  to  employ  it  always  strictly  in  this  agriadUi-' 
ToU  sense* 

By  alumina,  then,  I  shall  in  all  cases  express  the  pure 
earth  of  alum,  which  exists  in  clays,  and  to  which  they  owe 
their  tenacity — by  olat,  a  finely  divided  chemical  oow^pound, 
consisting  very  nearly  of  W  of  sUiea  and40  of  tdumuutj  wOh 
a  Utile  wnde  of  iront  and  from  which  no  siUceous  or  sandy 
matter  am  he  separated  mecJianicaUy  or  hy  decantation* 

Of  this  clay  the  earthy  part  of  all  known  soils  is  made  up 
by  mere  mechanical  admixture  with  the  other  earthy  c<m- 
stituents  (sand  and  lime),  in  variable  proportions.  On  a 
knowledge  of  these  proportions  the  following  general  claan- 
fication  and  nomenclature  are  founded. 


*  As  in  British  BiuBandryy  p.  113,  and  in  Loudon's  ESneydapmdU  if 
AgricuUurej  p.  315,  where  classifications  of  soils  are  given  chiefly  fitni 
Ton  Thaer,  though  neither  work  exhibits  with  sofl^ent  prominenee 
the  meaning  to  be  attached  to  ngricuUural  day^  as  disttnguished  fivm 
alumina,  sometimes  called  pure  day  by  the  chemist 


CULBSmOATION  OF  SOUS.  841 

§8.  Ofike  dasitfieaUon  of  $oihfr<mi  their  che$ni^ 

sHtuents. 

Upon  the  principles  above  described  soils  may  be  classi- 
fied as  follows : — 

l^*  Pure  clay  (pipe-clay)  consisting  of  about  60  of  silica 
and  40  of  alumina  and  oxide  of  iron,  for  the  tnostpart  chem- 
ically combined.  It  allows  no  siliceous  sand  to  subside  when 
diffused  through  water,  and  rarely  forms  any  extent  of  soiL 

2°.  Strongest  day  soil  (tile-clay,  unctuous  clay)  consists  of 
pure  clay  mixed  with  5  to  15  per  cent,  of  a  siliceous  sand, 
which  can  be  separated  from  it  by  boiling  and  decantation* 

8^.  Clay  loam  differs  from  a  clay  soil,  in  allowing  from 
15  to  80  per  cent*  of  fine  sand  to  be  separated  from  it  by  wash- 
ing, as  above  described.  By  this  admixture  of  sand,  its  parts 
are  mechanically  separated,  and  hence  its  freer  and  more 
friable  nature. 

4^.  A  loamy  soU  deposits  firom  80  to  60  per  cent,  of  sand 
by  mechanical  washing. 

5^.  A  sandy  loam  leaves  from  60  to  90  per  cent,  of  sand,  and 

6^.  A  sandy  soil  contains  no  more  than  10  per  cent,  of  pure 
clay. 

The  mode  of  examining  with  the  view  of  naming  soils,  as 
above,  is  very  simple.  It  is  only  necessary  to  spread  a  weighed 
quantity  of  the  soil  in  a  thin  layer  upon  writing  paper,  and 
to  dry  it  for  an  hour  or  two  in  an  oven  or  upon  a  botplatOy 
the  heat  of  which  is  not  sufficient  to  discolour  the  paper — the 
loss  of  weight  gives  the  water  it  contained.  While  this  is  dry- 
ing, a  second  weighed  portion  may  be  boiled  or  otherwise  tho* 
roughly  incorporated  with  water,  and  the  whole  then  poured 
into  a  vessel,  in  which  the  heavy  sandy  parts  are  allowed  to 
subside  until  the  fine  clay  is  beginning  to  settle  also.  This  point 
must  be  carefully  watched,  the  liquid  then  poured  off,  the  sand 
collected,  dried  as  before  upon  paper,  and  again  weighed. 
This  weight  is  the  quantity  of  sand  in  the  known  weight  of 
moist  soil,  which  by  the  previous  experiment  has  been  found 
to  contain  a  certain  quantity  of  water. 

Thus,  suppose  two  portions,  each  200  grs.,  are  weighed, 
and  the  one  in  the  oven  loses  50  grs.  of  water,  and  the  other 
leaves  60  grs.  of  sand, — ^then,  the  200  grs.  of  moist  are  equal. 

PAST  n. — 30 
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to  150  of  drpi  and  this  150  of  dry  soil  contain  60  of  sand^  or 
40  in  100  (40  per  cent.)  It  would,  therefore,  be  properly 
called  a  loam,  or  loamy  soil. 

But  the  above  classification  has  reference  only  to  the  clay 
and  sand,  while  we  know  that  lime  is  an  important  constit- 
uent of  soils,  Of  which  they  are  seldom  entirely  destitute* 
We  have,  therefore, 

7^.  Marly  soils,  in  which  the  proportion  of  lime  is  more 
than  5  but  does  not  exceed  20  per  cent,  of  the  whole  weight  of 
the  dry  soil.  The  marl  is  a  sandy,  loamy,  or  clay  marl,  accord- 
ing as  the  proportion  of  clay  it  contains  would  place  it  under 
the  one  or  other  denomination,  supposing  it  to  be  entirely 
free  from  lime,  or  not  to  contain  more  than  5  per  cent.,  and 

8^.  Calcareous  soils,  in  which  the  lime  exceeding  20  per 
cent,  becomes  the  distinguishing  constituent.  These  are  also 
calcareous  clays,  calcareous  loams,  or  calcareous  sands,  ac- 
cording to  the  proportion  of  clay  and  sand  which  are  present 
in  them. 

The  determination  of  the  lime  also,  when  it  exceeds  5 
per  cent.,  is  attended  with  no  difficulty. 

To  100  grs.  of  the  dry  soil  diffused  through  half  a  pint  of  cold 
water,  add  half  a  wine  glass-full  of  muriatic  acid  (the  spirit  of 
salt  of  the  shops),  stir  it  occasionally  during  the  day,  and  let  it 
stand  over  night  to  settle.  Pour  off  the  clear  liquor  in  the 
morning  and  fill  up  the  vessel  with  water,  to  wash  away  the 
excess  of  acid.  When  the  water  is  again  clear,  pour  it  ofi^ 
dry  the  soil  and  weigh  it — ^the  loss  will  amount  generally  to 
about  one  per  cent,  more  than  the  quantity  of  lime  present. 
The  result  will  be  sufficiently  near,  however,  for  the  pur- 
poses of  classification.  If  the  loss  exceed  5  grs.  from  100  of 
the  dry  soil,  it  may  be  classed  among  the  marls,  if  more  than 
20  grs.  among  the  calcareous  soils. 

Lastly,  vegetable  matter  is  sometimes  the  characteristic  of 
a  soil,  which  gives  rise  to  a  further  division  of 
'  0°.  Vegetable  moulds,  which  are  of  various  kinds,  from  the 
garden  mould,  which  contains  from  5  to  10  per  cent.,  to  the 
peaty  soil,  in  which  the  organic  matter  may  amount  to  60 
or  70.  These  soils  also  are  clayey,  loamy,  or  sandy,  ac- 
cording to  the  predominant  character  of  the  earthy  admix- 
tures. 


iVKKABT  OF  THB   MBTHOD   OF  XXAKINATION.       B4S 

The  method  of  determiDiDg  the  amount  of  vegetable 
matter  for  the  purposes  of  classification*  is  to  dry  the  soil 
well  in  an  oven,  and  weigh  it ;  then  to  heat  it  to  dull  red- 
ness over  a  lamp  or  a  bright  fire  till  the  combustible  matter 
is  burned  away.  The  loss  on  again  weighing  is  the  quantity 
of  organic  matter. 

Sumtnary, — The  several  steps,  therefore,  to  be  taken  in 
examining  a  soil  with  the  view  of  so  far  determining  its 
constitution  as  to  be  able  precisely  to  name  and  classify  it, 
will  be  best  taken  in  the  following  order : — 

1^.  Weigh  100  grains  of  the  soil,  spread  them  in  a  thin 
layer  upon  white  paper,  and  place  them  for  some  hours  in  an 
oven  or  other  hot  place,  the  heat  of  which  may  be  raised 
till  it  only  does  not  discolour  the  paper.     The  loss  is  water* 

2^.  Let  it  now  (after  drying  and  weighing)  be  burned 
over  the  fire  as  above  described.  The  second  loss  is  organic, 
chiefly  vegetable  matter,  with  a  little  water,  which  still  re- 
mained in  the  soil  after  drying. 

8°.  After  being  thus  burned,  let  it  be  put  into  half  a  pint 
of  water  with  half  a  wine  glass*full  of  spirit  of  salt,  and  fre« 
quently  stirred.  When  minute  bubbles  of  air  cease  to  rise 
from  the  soil  on  settling,  this  process  may  be  considered  as 
at  an  end.  The  loss  by  this  treatment  will  be  a  little  more 
than  the  true  per  centage  of  lime,*  and  it  will  generally  be 
nearer  the  truth  if  that  portion  of  soil  be  employed,  which 
has  been  previously  heated  to  redness. 

4^.  A  fresh  portion  of  the  soil,  perhaps  200  grs.  in  its  moist 
state,  may  now  be  taken  and  washed  to  determine  the  quantity 
of  siliceous  sand  it  contains.  If  the  residual  sand  be  suppoeed 
to  contain  calcareous  matter  its  amount  may  readily  be  de- 
termined by  treating  the  dried  sand  with  diluted  muriatic 
acid,  in  the  same  way  as  when  determining  the  whole 
amount  of  lime  (8^t)  contained  in  the  unwasheid  soiLf 


•  A  move  rigoroai  method  of  deteraujiing  the  lime  when  less  than  6 
percent  will  be  given  ia  the  ibUowing  laotnre. 

t  The  weighinss  for  the  porpoaes  here  deseribed  may  be  made  in  a 
small  balance  with  grain  weiAts,  aold  by  the  druggiata  for  68.  or  6s., 
and  the  vegetable  matter  may  be  burned  away  on  a  slip  of  aheet  iron 
or  in  an  untinned  iron  table  spoon  over  a  biight  cincter  or  chareoai 
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Let  roe  illustrate  this  by  an  example. 

Example, — Along  the  outcrop  of  some  of  the  upper  beds  of 
the  green  sand  in  Berkshire,  Wiltshire,  and  Hampshire,  and 
probably  also  in  Buckingham  and  Bedford,  occur  patches  of 
a  loose  friable  grey  soil  mixed  with  occasional  fragments  of 
flint,  which  is  noted  for  producing  excellent  crops  of  wheat 
every  other  year.  It  is  known  in  the  valley  of  Kingsclere, 
at  Wantage,  and  Newbury.  I  select  a  portion  of  this  soil 
from  the  latter  locality  for  my  present  illustration. 

1^.  After  being  dried  in  the  air,  and  by  keeping  sometime 
in  paper,  it  was  exposed  for  some  hours  to  a  temperature 
sufficient  to  give  the  white  paper  below  it  a  scarcely  per- 
ceptible tinge  :  by  this  process  104^  grs.  lost  4  grs. 

2^.  When  thus  dried,  it  was  heated  to  dull  redness.  It 
first  blackened,  and  then  gradually  assumed  a  pale  brick 
colour,  the  change,  of  course,  beginning  at  the  edges.  The 
loss  by  this  process  was  4^  grs. 

3°.  After  this  heating,  it  was  put  into  half  a  pint  of  pure 
rain  water  with  half  a  wine  glass-full  of  spirit  of  salt. 
After  some  hours,  when  the  action  had  ceased,  the  soil  was 
washed  and  dried  again  at  a  dull  red  heat.  The  lose 
amounted  to  3  grs. 

The  soil,  therefore,  contained — 

Water  ....         4     grs. 

Organic  matter  (less  than)  .         4j- 
Carbonate  of  lime  (lees  than) .         3 
Clay  and  sand       .       •         .       9d| 

104i 
4^.  By  boiling  and  washing  with  water  291  gnu  of  the  un- 
dried  soil  left  202^  grs.  of  very  fine  sand  chiefly  siliceous,— 

fire--€are  being  taken  that  no  scale  of  oxide,  which  may  be  ibnned  on 
the  iron,  be  allowed  to  mix  with  the  soil  when  cold,  and  thus  to  increase 
its  weight.  Those  who  are  inclined  to  perform  the  latter  operatiop 
more  neatly,  may  obtain  for  about  68.  each — from  the  dealers  inchemi* 
eal  apparatus — chin  light  platinum  capsules  from  1  to  1|  inches  in  di- 
ameter,  capable  of  hcudinff  100  grs.  of  soil— -and  for  a  few  shilliDfi 
more  a  spirit  lampj  over  i^ch  the  vegetahle  matter  of  the  soil  mA7^ 
burned  away.  With  care,  ona  of  these  little  capsules  will  serve  a  life- 
time. 
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104i,  therefore^  would  have  left  73  grs^  or  the  soil  contained 
per  cent. — 

Water  •         •         •        •         .        3*0  per  ceitt. 

Organic  matter  (less  than)      •        4*1 

Carbonate  of  lime  (less  than)  •        3*0 

Clay 19*0 

Sand  (very  fine)    •        •        •  70*0 

100*0* 
This  soil,  therefiwe,  containing  70  per  cent,  of  sand,  se- 
parable by  decantation,  is  properly  a  Mondy  ham. 

^  4.  Of  the  distinguifhing  characters  of  sails  and  subsoils. 

Beneath  the  immediate  sarface  soil,  through  which  the 
plough  makes  its  way,  and  to  which  the  seed  is  entrusted, 
lies  what  is  commonly  distinguished  by  the  name  of  subsoiL 
This  subsoil  occasionally  consists  of  a  mixture  of  the  gene- 
ral constituents  of  soils  naturally  difierent  from  that  which 
forms  the  surface  layer — as  when  clay  above  has  a  sandy 
bed  below,  or  a  light  soil  on  the  surface  rests  on  a  retentive 
clay  beneath. 

This,  however,  is  not  always  the  case.  The  peculiar 
characters  of  the  soil  and  subsoil  often  result  from  the  slow 
operation  of  natural  causes. 

In  a  mass  of  loose  matter  of  considerable  depth,  spread 
over  an  extent  of  country,  it  is  easy  to  understand  how — 
even  though  originally  alike  through  its  whole  mass — a 
few  inches  at  the  surface  should  gradually  acquire  different 
physical  and  chemical  characters  from  the  rest,  and  how 
there  should  thus  be  gradually  established  important  agri* 

•  Some  of  ^86  sumberB  difier  by  a  minute  fiaetion  from  thoee  in 
the  preceding  P*^'  ^bie  i«  because  they  are  calculated  from  the  more 
correct  decimal  fractions  contained  in  my  own  note  book.  The  onganic 
matter  is  said  to  be  less  than  the  number  here  given,  because  by  sunple 
drying,  as  here  prescribed,  the  whole  of  the  water  cannot  be  driven  off 
--«  portion  being  always  retained  by  the  clay,  which  is  not  entirely 
ej^pelled,  till  the  soil  is  raised  neariy  to  a  red  heat.  Hence  the  loss  by 
this  second  heating  must  always  be  greater  than  the  actual  weight  of 
organic  matter  present  The  ume  is  also  Uss  than  the  number  given, 
because,  as  alreiEidy  stated,  the  acid  dissolves  a  Uttle  alumina  as  well  as 
any  carbonate  of  magnesia  which  may  be  present 
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cultural  distinctions  between  the  fiist  12  or  15  inches  ((he 
soil),  the  next  15  (the  subsoil),  and  the  remaining  body  of 
the  mass,  which,  lying  still  lower,  does  not  come  under  the 
observation  of  the  practical  agriculturist. 

On  the  surface,  plants  grow  and  die.  Through  the  first 
few  inches  their  roots  penetrate,  and  in  the  same  the  dead 
plants  are  buried.  This  portion,  therefore,  by  degrees,  as- 
sumes a  brown  colour,  more  or  less  dark,  according  to  the 
quantity  of  yegetable  matter  which  has  been  permitted  to 
accumulate  in  it.  Into  the  subsoil,  however,  the  roots  rarely 
penetrate,  and  the  dead  plants  are  still  more  rarely  buried 
at  so  great  a  depth.  Still  this  inferior  layer  is  not  wholly 
destitute  of  vegetable  or  other  organic  matter*  However 
comparatively  impervious  it  may  be,  Stillwater  makes  its  way 
through  it,  more  or  less,  and  carries  down  solvhle  organic 
mbsUmces,  which  are  continually  in  the  act  of  being  pro- 
duced during  the  decay  of  the  vegetable  matter  lying  above. 
Thus,  though  not  sensibly  discoloured  by  an  admixture  of 
decayed  roots  and  stems,  the  subsoil  in  reality  contains  an 
appreciable  quantity  of  organic  matter  which  may  be  dis- 
tinctly estimated. 

Again,  the  continual  descent  of  the  rains  upon  the  sur- 
face soil  washes  down  the  carbonates  of  lime,  iron^  and 
magnesia,  as  well  as  other  soluble  earthy  substances — ^it 
even,  by  degrees,  carries  down  the  fine  clay  also,  so  as  gra- 
dually to  establish  a  more  or  less  manifest  difierence  between 
the  upper  and  lower  layers,  in  reference  even  to  the  earthy 
ingredients  which  they  respectively  contain. 

But,  except  in  the  case  of  very  porous  rocks  or  accumu- 
lations of  earthy  matter,  these  surface  waters  rarely  de- 
scend to  any  great  depth,  and  hence  after  sinking  through 
a  variable  thickness  of  subsoil^  we  come,  in  general,  to 
earthy  layers,  in  which  little  vegetable  matter  can  be  de- 
tected, and  to  which  the  lime,  iron,  and  magnesia  of  the 
superficial  covering  has  never  been  able  to  descend. 

Thus  the  character  of  the  soU  is,  tliat  it  contains  more 
brown  organic,  chiefly  vegetable,  matter,  in  a  state  of  decay 
-—of  the  subsoUy  that  the  organic  matter  is  less  in  quantity  and 
has  entered  it  chiefly  in  a  soluble  state,  and  that  earthy  matteif 
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are  present  in  it  which  have  been  washed  out  of  the  supe- 
rior soil — and  of  the  subjacent  mass  that  it  has  remained 
nearly  unaffected  by  the  changes  which  vegetation,  culture, 
and  atmospheric  agents  have  produced  upon  the  portions 
that  lie  above  it. 

From  what  is  here  stated,  the  effect  of  trench  and  subsoil 
ploughing,  in  altering  more  or  less  materially  the  propor- 
tions of  the  earthy  constituents  in  the  surface  soil,  will  be  in 
some  measure  apparent.  That  which  the  long  action  of 
rains  and  frosts  has  caused  to  sink  beyond  the  ordinary 
reach  of  the  plough  is,  by  such  methods,  brought  again  to 
the  surface.  When  the  substances  thus  brought  up  are  di- 
rectly beneficial  to  vegetation  or  are  fitted  to  improve  the 
texture  of  the  soil,  its  fertility  is  increased.  Where  the 
contrary  is  the  case,  its  productive  capabilities  may  for  a 
longer  or  a  shorter  period  be  manifestly  diminished* 

§  5.  Onihs  general  origin  of  soils. 

On  many  parts  of  the  earth's  surface  the  naked  rocks  ap- 
pear over  considerable  tracts  of  country,  without  any  cover- 
ing of  loose  materials  from  which  a  soil  can  be  formed. 
This  is  especially  the  case  in  mountainous  and  granitic  dis- 
tricts, and  in  the  neighbourhood  of  active  or  extinct  volca- 
noes, where,  as  in  Sicily,  streams  of  naked  lava  stretch  in 
long  black  lines  amid  the  surrounding  verdure. 

But  over  the  greater  portion  of  our  islands  and  continents 
the  rocks  are  covered  by  accumulations,  more  or  less  deep, 
of  loose  materials — sands,  gravels,  and  clays  chiefly — ^tbe 
upper  layer  of  which  is  more  or  less  susceptible  of  cultiva- 
tion, and  is  found  to  reward  the  exertions  of  human  indus- 
try with  crops  of  corn  in  greater  or  less  abundance. 

This  superficial  covering  of  loose  materials  varies  from  a 
few  inches  to  one  or  two  hundred  feet  in  depth,  and  is  occa- 
sionally observed  to  consist  of  different  layers  or  beds,  placed 
one  over  the  other-^^uch  as  a  bed  of  clay  over  one  of  gravel 
or  sand,  and  a  loamy  bed  under  or  over  both.  In  such 
cases  the  characters  and  capabilities  of  the  soil  must  depend 
upon  which  of  these  layers  may  chance  to  be  uppermost*- 
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aod  its  character  may  often  be  beneficially  altered  by  a  ju- 
dicious admixture  with  portions  of  the  subjacent  layers. 

It  is  often  observedy  where  naked  rocks  present  them- 
selves, either  in  clifis  or  on  more  level  parts  of  the  earth, 
that  the  action  of  the  rains  and  frosts  causes  their  surfaces 
gradually  to  shiver  off,  crumble  down,  or  wear  away. 
Uence  at  the  base  of  cliffs  loose  matter  collects— K>n  com- 
paratively level  surfaces  the  crumbling  of  the  rock  gradually 
forms  a  soil — while  from  those  which  are  sufficiently  in- 
clined the  rains  wash  away  the  loose  materials  as  soon  as 
they  are  separated,  and  carry  them  down  to  the  vallies. 

The  superficial  accumulations  of  which  we  have  spoken, 
as  covering  the  rocks  in  many  places  to  a  depth  of  one  or 
two  hundred  feet,  consist  of  materials  thus  washed  down  or 
otherwise  transported — by  water,  by  winds,  or  by  other  geo- 
logical agents.  Much  of  these  heaps  of  transported  matter 
is  in  the  state  of  too  fine  a  powder  to  permit  us  to  say  from 
whence  it  has  been  derived — but  fragments  of  greater  or  less 
size  are  always  to  be  found,  even  among  the  clays  and  fine 
sands,  which  are  sufficient  to  point  out  to  the  skilful  geolo- 
gist the  direction  from  which  the  whole  has  been  brought, 
and  often  the  very  rocks  from  which  the  entire  accumula* 
tions  have  been  derived. 

Thus  the  general  conclusioii  is  fiiiriy  drawn,  that  the 
earthy  matter  of  aU  soils  has  been  produced  by  the  gradual 
decay,  degradation,  or  crumbling  down  of  previously  exist- 
ing rocks.     It  is  evident  therefore— 

1^.  That  whenever  a  soil  rests  immediately  upon  the  rock 
from  which  it  has  been  derived,  it  may  be  expected  to  par- 
take more  or  less  of  the  composition  and  characters  of  that 
rock. 

2^.  That  where  the  8<»1  forms  only  the  aarfaee  layer  of  a 
considerable  depth  of  transported  materials,  it  may  have  no 
relation  whatever  either  in  mineralogical  characters  or  in 
chemical  constituti<m  to  the  immediat^y  subjacent  rocks. 

The  soils  of  Great  Britain  are  divisible  into  two  such 
classes.  In  some  counties  an  acquaintance  with  the  pre- 
vailing rock  of  the  district  enables  us  to  predict  the  general 
characters  and  quality  of  the  soil ;  in  others— and  nearly  all 
our  coal  fields  are  in  this  case— the  general  character  and 
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capabilities  of  the  soil  have  no  relation  whatever  to  the 
rocks  on  which  the  loose  materials  rest. 

§  6.  On  tAs  general  gtructure  of  the  earOCe  cnui. 

Beneath  the  soil,  and  the  loose  or  drifted  matters  on  which 
it  rests,  we  every  where  find  the  solid  rock.  This  rock  in 
most  countries  is  seen — in  mines,  quarries,  and  cliffs — to 
consist  ot  beds  or  layers  of  varied  thickness  pbced  one  over 
the  other.  To  these  layers  geologists  give  the  name  of 
strata ;  and  hence  rocks  which  are  thus  made  up  of  many 
separate  layers  are  caUed  stratified  rocks. 

But  in  some  places  entire  mountain  masses  are  met  with, 
in  which  no  parting  into  layers  or  beds  is  seen,  but  which 
appear  to  consist  of  one  unbroken  rock  of  the  same  material 
from  their  upper  surface  downwards,  and  often  as  far  beneath 
as  we  have  been  able  to  penetrate  into  the  earth.  Such  rocks 
are  said  to  be  wutraiified.     Among  these  are  included  the 

g-anites,  the  trap,  green-stone,  or  basaltic  rocks,  and  the 
vas.  Geologists  have  ascertained  that  all  these  unstratified 
rocks  have,  like  the  volcanic  lavas,  been  in  a  more  or  less  per- 
fectly melted  state — that  their  present  appearance  is  owing 
to  the  action  of  fire — and  hence  they  are  oAen  called  ignetnu^ 
rocks.  They  often  also  exhibit  a  more  or  less  crystalline 
or  glassy  structure,  or  contain,  imbedded  in  them,  numerous 
regular  crystals  of  mineral  substances ;  hence  they  are  some- 
times called  also  crystaUine  rocks.  The  terms  igneous,  crys- 
talline, and  unstratified,  therefore,  apply  to  the  same  class  of 
rocks— the  first  indicating  their  origin^  the  second  their 
structure  in  the  enudly  the  third  their  structure  in  the  large^ 
as  distinguished  from  that  of  the  rocks  which  occur  in  beds. 
The  following  diagram  exhibits  the  general  appearance  of 
the  stratified  rocks  as  they  are  found  to  occur  in  contact  with 
onstratified  masses  in  various  parts  of  the  globe  :-~ 


*  Sometimes  pi/rogentms^  produced  by  fire ;  but  this  is  an  unneceMa- 
rily  hard  word. 
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A  represents  an  unstratified  moantain  mass  or  other  aimo 
ilar  rock  rising  up  throogh  the  stratified  deposits.  The 
bending  up  of  the  edges  of  the  latter  indicates  that  after  the 
beds  were  deposited  in  a  nearly  level  position,  the  mass  A 
was  intruded  or  forced  up  through  them,  carrying  the  broken 
edges  of  the  beds  along  with  it. 

B  shows  the  more  quiet  way  in  which  veins  or  dykes  of 
unstratified  green-stone,  or  trap,  or  lava,  cut  through  the 
beds  without  materially  displacing  them^-as  if  when  in  a 
fluid  state  it  had  risen  up  and  filled  a  previously  existing 
crack  or  chasm.  In  Devonshire,  in  the  North  of  Scotland, 
and  in  Ireland,  the  granite  rises  in  many  places  exactly  as 
is  shown  at  A,  and  nearly  all  our  coal  fields  exhibit  in  their 
whin  dykes  numerous  illustrations  of  what  is  shown  at  B. 

C  and  D  exhibit  the  manner  in  which  the  strata  overlie 
one  another  in  nearly  a  horizontal  position — 1,  2,  3,  indicap> 
ting  difi*erent  kinds  of  rock, — as  a  lime-stone,  a  sand-stooe, 
and  a  clay — ^which  again  are  subdivided  into  beds  or  thianer 
layers,  by  the  partings  exhibited  in  the  wood-cut. 

The  stratified  rocks  lie  sometimes  nearly  level  or  horizon- 
tal over  large  tracts  of  country — as  in  the  above  diagram, — 
sometimes  they  are  more  or  less  inclined  or  appear  to  dip  in 
one  and  to  rise  in  the  opposite  direction-— as  if  a  surface,  for- 
merly level,  had  been  pushed  down  at  the  one  end  and  raised 
up  at  the  other,— and  sometimes  they  seem  to  rest  entirely 
upon  their  edges.  Upon  the  mode  in  which  they  thus  lie,  the 
uniformUy  oi  the  soil,  in  a  district  where  it  reposes  immedi- 
ately  on  the  rocks  from  which  it  is  derived,  is  materially  de- 
pendent.   In  the  following  diagram  the  surface  from  A  to  E 


represents  a  tract  of  country  in  which  the  rocks  have  in  dif- 
ferent parts  these  different  degrees  of  inclination,  at  A  ver- 
tical, at  B  more  inclined,  and  from  C  to  E  nearly  horizontal. 
Now,  it  is  obvious  that  if  the  outer  surface  of  tiiese  several 
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rocks  cromble  and  form  a  soil  which  rests  where  it  is  pro- 
duced— ^then  the  quality  of  the  soil  on  every  spot  will  be 
determined  by  the  nature  of  the  rock  beneath.  Hence,  in 
proceeding  from  £  over  the  comparatively  level  strata,  we 
shall  find  the  soil  pretty  uniform  in  quality  till  we  come  to 
the  edge  of  the  bed  D,  thence  it  will  again  be  uniform, 
though  perhaps  different  from  the  former,  till  we  reach  the 
stratum  C,  when  again  it  will  prove  uniform  over  a  consid- 
erable space  till  we  begin  to  climb  the  hill  to  B.  So  the 
whole  hill-side  in  ascending  to  B  will  be  of  one  and  the 
same  kind  of  soil*  But  as  we  descend  on  the  other  side 
and  pass  B,  we  get  upon  the  edges  of  the  beds,  and  then  as  we 
proceed  from  one  bed  to  another,  the  quality  of  the  soil  may 
vary  every  few  yards,  more  or  less,  according  as  the  mem* 
hers  of  this  group  of  beds  are  more  or  less  different  from 
each  other.  But  when  we  ascend  the  hill  to  A,  where  the 
beds,  besides  being  vertical,  are  also  very  thin,  the  soil  may 
change  at  almost  every  step,  provided — ^which  is,  however, 
rarely  the  ease  among  the  rocks  (slate  rocks)  which  occur 
most  frequently  in  this  position — provided  the  mineralogical 
characters  of  the  several  vertical  layers  be  sensibly  unlike. 
Such  dissimilarities  in  the  angular  position  of  the  strata, 
as  are  represented  in  the  above  diagram,  are  of  constant 
occurrence  not  only  in  our  islands,  but  in  all  parts  of  the 
globe ;  and  they  illustrate  very  clearly  one  important  natu- 
ral  cause  of  that  want  of  uniformity  in  the  nature  and 
capabilities  of  the  soO  which  is  more  or  less  observable  in 
every  undulating  and  in  some  comparatively  level  countries 
also. 

It  may  be  stated,  as  the  general  result  of  an  extended  ez* 
aroination  of  all  the  stratified  rocks  yet  known-— that  they 
consist  of  alternations  or  admixtures  of  three  kinds  of  rock 
only— of  sand-stones,  of  lime-stones,  and  of  clays.  The 
sand-stones  are  of  various  degrees  of  solidity  and  hardness, 
from  the  loose  sand  of  some  parts  of  the  lower  new- red  and 
green-sand  formations,  to  the  almost  perfect  quartz  rock 
not  unfrequently  associated  with  the  oldest  strata.  The 
lime-stones  vary  in  like  manner  from  the  soft  chalk  to  the 
hard  mountain  lime-stone  and  the  crystalline  statuary  mar- 
ble ;  while  the  clays  are  found  of  all  degrees  of  hardness 
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from  ttiat  of  the  London  and  Kimmeridge  claya,  which 
soften  in  water,  to  that  of  the  roofing  slates  of  Cumber- 
land and  Wales, — and  even  to  that  of  the  gneiss  rocks 
which  rest  immediately  upon  the  granite,  and  which  appear 
to  be  only  the  oldest  clays  altered  by  the  action  of  heat 

But  the  stratified  rocks,  though  thus  distinguishable  into 
three  main  varieties— rarely  consist  of  any  one  of  these 
substances  in  an  unmixed  state.  The  sand-stones  not  un* 
frequently  contain  a  little  clay  or  lime— while  the  lime- 
stones and  clays  are  often  mixed  with  sand  and  with  each 
other. 

If  the  stratified  rocks  thus  consist  essentially  of  these 
three  substances,  the  soils  formed  from  them  by  natural 
crumbling  or  decay  must  have  a  similar  composition.  A 
sandy  soil  will  be  formed  from  a  sand-stone, — a  calca- 
reous soil  from  a  lime-stone, — a  clay  from  a  slate  or  shale, — 
and  from  a  mixed  rock,  a  soil  containing  a  mixture  of  two 
or  more  of  these  earthy  ingredients-^n  proportions  which 
will  depend  upon  the  relative  quantities  of  each  which  aie 
contained  in  the  rock  from  which  they  have  been  derived. 

§  7*  Rdaiwe  poriUons  andpeadiar  characters  of  the  several 

etraUu 

1^.  The  several  strata,  or  series  of  strata,  which  present 
themselves  in  the  crust  of  the  globe,  always  maintain  the  same 
relative  positions.  Thus  the  numbers  3, 2, 1,  in  the  annexed 
diagram  represent  three  series  of  beds  known  by  the  names  of 


the  magnesian  lime-stone,  the  lower  new-red  sand-stone,  and 
the  coal-measures,  lying  over  each  other  in  their  natural  po- 
sitions— ^the  lime-stone  uppermost,  the  sand-stone  next,  and 
the  coal  beneath  both.  Whenever  these  three  rocks  are  met 
with,  near  each  other,  they  always  occupy  the  same  relative 
position,  the  coal  never  appears  above  this  lime-stone,  and 
the  sand-stone,  if  present,  is  always  between  the  two  other 
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series  of  beds.  The  same  is  true  of  every  other  group  of 
strata — the  order  in  wiiich  they  are  placed  over  each  other 
is  universally  the  same. 

2°,  These  beds  are  generally  continuous  also  over  very 
large  areas— or  are  found  to  stretch,  without  interruption, 
over  a  great  extent  of  country.  Hence  when  they  dip  be- 
neath other  beds,  as  they  are  seen  to  do  in  the  above  dia- 
grams, we  can  still,  with  a  high  degree  of  probability,  infer 
Uieir  presence  at  a  greater  or  less  depth,  wherever  we  ob- 
serve on  the  surface  those  other  beds  which  are  known  usual- 
ly to  lie  immediately  above  them.  Thus,  if  in  a  tract  of 
country  consisting  of  the  magnesian  lime-stone  (9)  above- 
mentioned,  it  is  known  that  deep  vallies  occur,  it  becomev 
probable  that  the  soil  in  those  vallies  will  rest  upon,  and* 
may  be  formed  from,  the  underlying  red  sand-stones  or 
coal-measures ;  and  that  it  will  therefore  possess  very  differ- 
ent agricultural  capabilities  from  the  soil  that  generally  pre- 
vails around  it.  Or  in  chalk  districts,  beneath  which  usual- 
ly lies  the  green-sandy  the  presence  of  a  deep  valley  cutting 
through  the  chalk  almost  necessarily  implies  in  the  hollow  a 
very  different  soil  from  that  which  is  cultivated  in  the  chalk 
wolds  above.  This  is  the  case  in  the  valley  of  Kingsclere, 
where  the  peculiar  wheat  soil  occurs,  of  which  an  approxi- 
mate analysis  has  been  giyen  in  page  344. 

3^.  It  has  been  already  stated  that  the  stratified  rocks^ 
thouf^h  so  very  numerous'  and  so  varied  in  appearance,  yet 
consist  generally  of  repeated  alternations  of  lime-stones,  sand- 
stones, and  clays,  or  of  mixtures  of  two  or  more  of  these 
earthy  substances.  But  the  several  series  of  strata  are 
nevertheless  distinguished  from  each  other  by  peculiar  and 
often  well-marked  characters. 

Thus  some  are  soft,  crumble  readily,  and  soon  form  a 
soil, — while  others,  though  consisting  of  the  same  ingre- 
dients, long  refuse  to  break  into  minute  fragments,  and  thutf 
condemn  the  surface  of  the  country  where  they  occur  to 
more  or  less  partial  barrenness. 

In  others,  again,  the  proportions  of  sand  or  lime  are  so  va- 
ried, from  bed  to  bed,  that  the  character  of  the  mixture  in 
each  is  entirely  different— -«o  that  while  one,  on  crumbling 
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down,  will  give  a  stiff  clay,  another  will  produce  a  loamy 
and  a  third  a  sandy  marU 

Or,  in  some  rocks  the  remains  of  veji^etables  are  present 
in  considerable  quantity,— as  in  the  neighbourhood  of  our 
coal-beds— or  the  bones  or  shells  of  animals  in  greater  or 
less  abundance,  by  each  of  which  the  agricultural  charac- 
ters and  capabilities  of  the  soils  formed  from  them,  will  be 
more  or  less  extensively  affected. 

Or  lastly,  the  mixture  of  other  earthy  substances  gives  a 
peculiar  character  to  many  rocks.  Thus  the  per-oxide  of 
nron,  which  imparts  their  red  colour  to  many  strata — as  to 
the  red  sandstones-<-influences  not  only  the  mineralogical 
character  of  the  rock,  but  also  the  quality  of  the  soil  which 
is  fortded  by  its  decay.  In  like  manner  the  presence  of 
magnesia,  sometimes  in  large  quantity,  in  many  lime- 
stones, produces  an  important  modification  in  the  chemical 
constitution  and  mineralogical  characters  of  the  rock,  as 
well  afl  in  its  relations  to  practical  agriculture. 

In  consequence  of  these  and  other  similar  causes  of  di- 
versity, if  not  every  stratum,  at  least  every  series  of  strata, 
exhibits  distinguishing  and  characteristic  peculiarities,  by 
means  of  which  it  may  be  more  or  less  readily  recognised. 
On  these  peculiarities  the  special  agricultural  capabilities  of 
those  parts  of  the  globe  in  which  each  series  of  beds  occurs 
are  in  a  great  degree  dependant. 

4°.  This  peculiar  character  is  also  more  or  less  continu- 
ous over  very  large  areas.  Thus  if  a  given  stratum  be 
found  on  the  surface  in  any  part  of  England,  and  again  in 
any  part  of  Russia,  the  soil  formed  from  that  bed  will  ge- 
nerally exhibit  very  nearly  the  same  qualities  in  both  coun- 
tries. A  knowledge  of  the  geology,  therefore, — that  is,  of 
the  kind  of  rock  which  appears  on  the  surface  in  every  part 
of  a  country— enables  us  to  predict  generally  the  kind  of 
soil  which  ought  to  rest  upon  it,  if  it  be  not  covered  by 
foreign  accumulations;  while,  on  the  other  hand,  a  know- 
ledge of  the  agricultural  capabilities  of  any  one  district  in 
which  certain  rocks  are  known  to  lie  immediately  beneath 
the  soil,  and  of  the  agricultural  prcustice  suited  to  that  dis- 
trict, will  indicate  the  probable  capabilities  of  any  other 
tract  in  which  the  same  kind  of  rock  is  known  to  appear  on 
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the  surface,  and  of  the  kind  of  culture  which  may  be  most 
successfully  applied  to  it. 

It  is  evident,  then,  that  a  familiar  acquaintance  with  the 
general  characters  and  relatiye  positions  of  all  the  series  of 
strata  that  have  hitherto  been  observed,  and  of  the  classifi* 
cation  of  rocks  considered  geologically,  to  which  this 
knowledge  has  led,  must  be  fitted  to  throw  much  light  upon 
the  principles  of  a  general,  enlightened,  and  philosophical 
agriculture. 

§  8.  Claatyicalion  of  ihe  gtratified  rocks^  their  extent^  and 
the  agricaUural  relations  of  the  goils  derived  from  them. 

It  is  a  received  principle,  I  may  say  rather,  an  obvioua 
fact,  that  in  the  crust  of  the  earth,  as  in  the  walls  of  a 
building,  those  layers  which  lie  lowest  or  undermost  have 
been  first  deposited,  or  are  the  oldest.  In  reference  to  this 
their  relative  age,  the  stratified  rocks  are  divided  into  the 
primary,  the  first  deposited  and  most  ancient — the  secondary, 
which  are  next  in  order — and  the  tertiary,  which  overlie  both* 

These  three  series  of  strata  are  again  sub-divided  into 
MyttemSy  and  these  into  minor  groups,  called  formaJfioney--^ 
the  several  members  of  each  system  and  formation  having 
such  a  common  resemblance,  either  in  mineralogical  charac« 
ter  or  in  the  kind  of  animal  and  vegetable  remains  found  in 
them,  as  to  show  that  they  were  deposited  under  very  nearly 
the  same  general  physical  conditions  of  the  globe. 

The  following  table  exhibits  the  names,  relative  positions, 
thicknesses,  and  mineralogical  characters  o^  the  stratified 
rocks,  in  descending  order,  as  they  occur  in  our  islande* 
The  annexed  remarks  indicate  also  the  districts  where  each 
of  these  groups  of  rocks  forms  the  surface,  and  the  general 
agricultural  character  of  the  soils  that  rest  upon  them. 

I.  Tkrtiart  Strata— characterised  by  containingt 
among  other  fossils,  the  remains  of  animals,  which  are  iden« 
tical  with  existing  species. 
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1^.  Crag.  50  /)•  .^  meM  of  rolled  pebbles  mixed 

"^  with  mnrine  shells — ^resting  on  beds 

of  sand  and  sandy  lime-stone ;  the 
whole  more  or  less  impngnated 
with  oxide  of  iron. 
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Extent. — The  Cre^  fixms  a  stripe  of  land  a  few  miles  in  width  in 
the  eastern  part  of  Norfolk  and  Suffolk,  and  in  the  south-eastern  part 
of  the  latter  county.  It  is  a  flat,  and  generally,  it  is  said,  a  fertile  arable 
district. 

2®.  Fresh'VHSter  )  ,a-*  a  Marls  and  mariy  lime-stones. 

Mctrls,  \  ^""/*'  ^'^^  fiesh-water  shells  diyided 

'  into  two  series  by  an  estuary  de- 

posit, containing  marine  shells. 
Extent. — On  these  beds  reposes  the  soil  of  the  northern  half  of 
the  Isle  of  Wight,  the  only  part  of  £Ingland  in  which  they  appear  at 
the  surfece. 

8°.  London  Clay.  200  to  600  ft.  ^  Stiff,  almost impernoos,bn>wn, 

blue,  and  blackish  clay,  rich  in 
marine  shells,  and  containing 
layers  of  lime-stone  nodules. 

ExTENT.^The  greater  part  of  the  countv  of  Middlesex,  the  south- 
eastern half  of  Elssex,  and  the  southern  hall  o£  Hampshire,  rest  upon 
Uie  London  Clay. 

Boil. — The  soil  is  naturally  strong,  heayj,  wet,  and  tenacious, 
"sticking  to  the  plough  like  pitch,"  and  shrinking  and  cracking  in 
dry  wesoher.  Where  it  is  mixed  with  sand,  it  forms  a  fertile  loam ; 
and  hence  where  the  sand  of  the  subjacent  plastic  clay  is  easily  ac- 
cessible, it  may  readily  be  improred  by  admixture.  Repeated  cuess- 
ines  of  London  manure  convert  it  into  rich  meadow  land,  and  even 
where  this  cannot  be  obtained,  the  difficulty  and  expense  of  culture 
have  caused  a  very  large  portion  of  it  to  be  retained  in  pasture.  That 
which  Ib  under  culture  is  said  to  be  too  strong  for  turmps  and  barley, 
but  to  grow  excellent  crops  of  wheat  and  beans. 

40.  Plastic  Clay.  300  to  400 /i.      Alternating  beds  of  clay  and 

sand,  ofvarious  colours  and  thidc- 
nesses.    Some  of  the  beds  of  day 
are  pure  white,  and  so  fine  as  to 
be  used  for  making  pipes. 
Extent. — ^This  formation  surrounds  the  London  clay  with  an  in- 
dented, generally  low,  and  flat  belt,  of  varying  breadth,  occupyine  a 
laige  space  in  Hampshire  and  Dorseti  in  Essex,  Suffolk,  and  Noiiolk, 
— stretching  alonfthe  northern  part  of  Kent  and  Surry,  and  throwing 
out  arms  into  Berks,  Buckingham,  and  Hertford. 

SoTL. — ^The  soil  is  very  various,  the  alternate  beds  of  sand  and  day 
of  different  qualities  producing  soils  of  the  most  unlike  quality  often 
within  very  short  distances,  xhe  ^^B^uest  portion  of  this  tract  is  in 
arable  culture,  but  there  are  extensive  heaths  and  wastes  in  Betfct, 
Hampshire,  and  Dorset 

In  rf  oifolk  and  Suffolk,  where  the  lower  beds  of  this  sand  rest 
upon  dialk,  the  soil  is  readily  changed,  by  an  admixture  with  this 
chalk,  into  a  eood  sandy  loam,  which  vrill  yield  large  crops  of  turnips, 
barley,  and  wheat,  instead  of  the  heath  ana  bent,  its  sole  original  pro- 
duce. This  dialking  is  eenerally  repeated  once  in  8  years,  at  an  ex- 
pense of  50s.  an  acre.  In  Hampshire  and  Bericshire,  the  same  me- 
thod is  adopted  with  great  success,  and  the  rich  crops  now  rei^ied 
from  Hounslow  Heath  are  the  result  of  this  method  or  improvement 
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n.  The  Se(;oi«dart  Strata— cootain  no  animal  remains 
which  can  be  identified  with  existing  species.  Those  which 
are  found  in  them  are  nearly  all  different  from  those  which 
occur  either  in  the  tertiary  above  or  the  primary  strata  below. 

A, — CSETACEOUB    StSTEM. 

5®,   CJudk.  600/1.  The  upper  part   softer,   and 

*^  containing^  layers  of  flints,  with 

many  marine  remains.    Below, 
the  chalk  is  harder,  and  towards 
the  bottom  passes  into  beds  of 
marl — (chalk  marl). 
ExTEFTT. — The  chalk  occupies  ayenr  large  area  in  the  south-east* 
em  part  of  the  island.    It  forms  a  broad  band  of  from  15  to  25  miles 
in  breadth,  running  north-east  and  south-west  from  the  extreme  south- 
western part  of  Dorset,  to  the  extreme  north  of  Norfolk, — it  there  tumt 
nearly  at  a  right  angle,  into  the  centre  of  lincolnshire^  where  it  is  10 
to  15  miles  in  breadth,  and  thence  stretches  into  Yorkshire,  in  the  south- 
eastern part  of  which  county  it  covers  a  large  area,  and  about  Flam- 
borough  Head  attains  a  breadth  of  25  miles.    In  passing  through  Berk- 
shire and  Surrey,  it  is  partially  interrupted  by  the  plastic  day  which  it 
embraces  on  every  side;  and  hence,  in  following  the  outline  of  this  for- 
mation it  encircles  with  a  broad  fringe  the  southern  edges  of  Sussex  and 
Surrey  and  the  northern  borders  of  Kent. 

Soil. — The  soils  formed  from  the  upper  chalk  are  all  more  or  lest 
mixed  with  flints,  and  they  produce  naturally  a  very  short  but  excel* 
lent  sheep  pasture.  A  great  portion  of  this  chalk-land  in  Dorset.  WiltSi 
and  Berks  nas  been  occupied  as  a  sheep-walk  for  aces,  thougn  under 

Sro|)er  cultivation  it  is  said  to  be  convertible  intogood  arable  land,  pro- 
ucmg  barley,  turnips,  wheat,  and  sainfoin.  The  lower  chalk  soils 
(chalk  marl)  consist  of  a  deep,  strong,  calcareous  grey  or  white  loam, 
very  productwe,  and  when  mixed  with  the  gpreen  sand  below  it,  becommff 
still  richer,  more  friable,  and  more  productive  of  every  kind  of  crop.  U 
is  better  suited  for  wheat  than  the  upper  chaUt,  but  is  less  adapted  iat 
turnips. 

The  Dorous  nature  of  the  ohalk  renders  the  soil  very  dry,  and  In 
many  localities  the  only  method  of  obtaining  a  sufficient  supply  of 
water  is  by  forming  ponds  to  catch  and  retain  the  rain-water. 

In  Norfolk  and  Suffolk,  on  the  Lincolnshire,  and  more  recently  on 
the  Yorkshire  Wolds,  great  improvement  has  been  erected  by  dressing 
the  chalk-scil  with  fresh  chalk  brought  up  from  a  considerable  depth 
below,  and  laid  on  at  the  rate  of  50  to  80  cubic  yards  per  acre.  The 
explanation  of  this  procedure  is  to  be  found  in  U)e  fhct  above  stated, 
that  the  lower  chalk  marls,  without  flints,  produce  an  excellent  soil,  fit- 
ted therefore,  by  admixture  with  the  poorer  upper- chalk  srils,  for  mate- 
rially improving  their  quality.  It  is,  therefore,  only  in  localities  where 
thislowfr  c:  alk  can  be  obtained,  thai  the  above  method  of  improve- 
ment ran  be  with  any  material  advanta^  adopted.  This  is  proved  by 
the  practice  at  Sudbury,  in  Suffolk,  which  rests  upon  the  upper  beds, 
where  it  is  fbund  to  be  more  profitable  to  import  the  lower  chalk  firom 
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Kent,  to  lay  upon  these  lands,  than  to  dieis  them  with  any  of  thi 
chalks  (only  upper  beds)  which  are  immediately  within  their  reach.* 

^^.  Green  S€md*     500 /i.  The  upper  beds  consist  of  lay- 

TT  -V*-  lAA  ers  of  a  greenish  sand  or  sand- 

a  Upper,  IW.  ^^^  ^^^  chalky.    The  gauk 

b  Gault,   150.  ig  a  solid  compact  mass  of  anim- 

c  Lower,  250.  pervious  blue   clay,  sometimes 

marly.    The  lower  green  sand 
contains  a  series  of  ochrey  rest- 
ing on  a  series  of  ereenish  sandy 
strata.    The  whole  of  these  betu 
are  in  many  places  full  of  fossils. 
Extent. — The  Ghreen  Sand  Ibims  a  narrow  border  round  the  whok 
of  the  northern  and  western  edge  of  the  chalk,  except  in  Yoikshiie, 
where  it  has  not  as  yet  been  any  where  discovered  at  the  sui&oe.    It 
ridxts  also  the  southern  edge  of^the  chalk  in  Survey  and  ^ent,  and  its 
eastern  boundary  in  Hampshire,  where  it  attains  a  breadth  of  ^Ai  or 
ten  miles.    It  forms  likewise  the  southern  portion  of  the  Isle  of  Wight 
Soil. — The  upper  beds,  which  aie  the  greenest  and  most  chaBcy, 
Ibrm  an  open  ihable  soil,  easily  woiked,  and  of  the  most  prodacdve 
diaracter.    It  consists  in  general  of  an  exceedingly  fine  sand,  mixed 
with  more  or  less  of  clay  and  calcareous  matter  (see  analysis,  p.  344), 
coloured  by  greenish  grains.    It  is  rich  and  productive  of  every  spe- 
eiea  of  crop,  and  the  peculiar  richness  of  this  soil  has  b^n  remarked 
not  only  in  EIngland  but  also  in  the  United  States  of  Nordi  America. 
In  some  parts  of  Bedfordshire  the  soils  of  this  formation  form  themost 
productive  garden  lands  in  the  kingdom.    In  other  localities,  again, 
iHiiere  the  soil  is  formed  firora  layen  of  black  or  of  white  sflvery  sand, 
It  produces  naturally  nothing  but  heath. 

The  impervious  gault  clay  forms  in  Cambridge  and  Hmntingdon  "a 
thin,  eold  clay  soil,  which,  when  wet,  becomes  as  stidr^  as  elue,  is 
most  expensive  to  cultivate  as  arable  land,  and  naturally  produces  a 
poor,  coarse  pasture."  Much  of  this  tract,  though  unenclosed,  is  yet 
generally  in  arable  culture,  under  two  crops  and  a  naked  fallow— th« 
enclosed  parts  are  chie^  in  pasture,  and  yield  a  rich  herbage. 

The  lower  green-sana  presents  itself  over  a  comparatively  small  snr- 
fiM»,  is  in  some  localities  (Sussex)  laden  with  iron  odue,  and  is  thert 
naturally  unproductive. 

B. — Oolitic  System. 
7^   Wealden.  950 /i.  The  upper  part  consists  of  a 

a  Weald  Clay,  300         gesh-water  deposit  of  broi^' 

»  TT  «cuu  v^iajr,  «w         1^1^^^  ^^  fawn-coloured  clay,  of- 

$  Hastmgs  Sand,        400         ten  marly  and  aUnost  always 

c  Purbeck  lime-stone,  350         close  and  impervious  to  water. 

Beneath  this, are  the  iron  or 

ochrey  Hastiiigs  sands,  which 

rin  rest  upon  the  Purbeck  beds 
alternate   fresh-water  lime- 
stones and  marls. 

*  A  risorous  chemical  analysis  of  characteristic  ^>ecimens  of  thei* 
two  chalics  might  lead  to  interesting  results. 
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Extent. — Tlie  Wealden  rocks  appear  at  the  aui&oe  only  in  Suasez 
and  Kent,  of  which  they  form  the  entire  central  portion. 

Soil. — The  soil  formed  from  the  Weald  Clay  u  fine  grained  and  unc- 
tuona-— oAen  pale  coloured,  and  containing  much  fine  grained  siliceous 
sand.  It  forms  a  paste  which  dries  and  hardens  almost  like  a  brick,  so 
that  the  roots  of  plants  cannot  penetrate  it  From  the  expense  of  cul- 
tivating such  land,  much  of  it  is  in  wood  TTilgate  Forest),  aiid  some  is 
in  poor  wet  pasture.  On  the  whole  of  tnis  tract,  therefore,  there  is 
much  room  tor  improvement  The  Hastines  sands  produce  a  poor 
brown  sandy  loam  which  naturally  yield  oiJy  heath  and  brush-wood. 
Much  of  this  soil  is  in  pasture,  but,  under  proper  cultivation,  it  yields 
^lood  crops  of  all  kinds.  Where  the  ruins  of  the  Purfoeck  marls  are 
uHeimixed  with  it,  the  soil  is  of  a  superior  quality. 

8.  Upper  Ocliie.  600 /i.         The  upper  part  of  this  forma- 

a  Portland  Beds,        100.        H°''  '^""?**  f  ^*  "^^'^^  ^*" 
»  x^uiuMiu  0«ua,         vv        gtones  and  calcareous  sand-stones 

b  Kimmendge  Olay,  oW.       long  worked   at  Portland — the 

lower  of  the  blue  slaty  or  greyish, 

often  calcareous  ana  bituminous 

beds  of  the  Kimmeridge  day. 

ExTBNT. — ^The  Upper  Oolite  runs  north-east  along  the  northern  edge 
of  the  green  sand,  from  the  western  extremity  of  Dorset  to  the  extreme 
north  of  Norfolk.  It  is  in  general  only  2  or  3  miles,  but  in  a  few  places 
expands  to  6  or  8  miles  in  breadth.  ^  It  appears  afain  on  the  western 
edge  of  the  green  sand  in  Lincolnshire,  and  in  Yoreshire  forms  a  stripe 
5  or  6  miles  m  breadth,  which  crosses  the  country  from  Helmsley  to 
Filey  Bay.  In  the  Isle  of  Portland  also  it  is  founa,  and  it  stretches  in 
a  narrow  stripe  along  part  of  the  south  coast  of  Dorset 

Soil. — The  soil  from  Uie  Portland  rocks,  in  consequence  of  the  pre* 
Talence  of  siliceous  and  the  absence  of  clayey  matter,  produces  natOr 
rally,  or  when  laid  down  to  grass,  only  a  poor  and  benty  herbage.  Its 
loose  and  sandy  nature  makes  it  also  veiy  cheap  to  work,  and  nence  it 
is  chiefly  in  arable  culture.  It  is  easily  affected  by  droueht,  but  in 
damp  seasons  it  produces  abundant  crops — es{)ecially  in  those  parts 
where  the  soil  is  naturally  mixed  with  the  detritus  of  the  over-lying 
Hastings  sand,  and  of  the  calcareous  Purbeck  beds.  ^ 

The  fCimmeridge  clay  forms  a  tou^h,  ereyish,  impervious,  often, 
however,  very  calcareous  soil  and  subsoil.  From  me  difficulty  of  work- 
ing it,  much  of  the  surface  over  which  this  formation  extends  is  laid 
down  to  erass,  and  the  old  pasture  land  affords  excellent  herbage.  The 
celebrated  pasture  lands  of  the  vale  of  North  Wilts  rest  pardy  on  this 
clay.  The  relative  thicknesses  of  the, Portland  beds  and  the  Kimme- 
ridge clay  will  readily  account  for  the  fact  of  this  clay  beinf  spread 
over  by  far  the  greatest  part  of  the  area  occupied  by  this  formation.  In 
Yorksnire,  clay  of  a  great  thickness  is  the  only  member  of  this  series 
that  has  hitherto  been  observed.  On  this,  as  well  as  on  the  subjacent 
Oxford  clay,  the  judicious  investment  of  capital  might  produce  a  much 
greater  annual  breadth  of  com. 

•  So  named  because  they  consist  of  small  ^^-shaped  granules,  lika 
the  roe  of  a  fish. 
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9°.  Middle  Ooolite.  500  ft.  The  uppcrmoBl  bed  in  thif 

TT         r«  1    -.       n  '*  i.  formation  la*  sand-stone  con- 

Upper  Calcareous  Gnt,  \  ^^^^^  ^  considerable  quantity 

Coral  Rag,  >  100  oflime— next  is  a  coralline  lime- 
Calcareous  Grit,  S  ^^^  (^^"^  "^i  '?*."?«  i>I»n 
_._--,-  C  other  sand-stones  which  contain 
Oxford  Clay,  i  ^^^h  lime  in  their  upper,  and 
Kelloways  Rock,  ?  400.  little  or  none  in  their  lowerbeds. 
iii«*»  m«<».  J  Below  these  is  an  enormous  de- 
uiue  uiay,  ^  .^  ^^  adhesire  tenacious  daik 

blue  clay,  frequently  calcaieoos 
and  bituminous,  an<t  towards  the 
lower  part  containing  ineeular 
beds  of  sand-stones  and  fime- 
stones  (Kelloways rock)beneath 
which  the  clay  again  recurs. 
Extent. — ^The  middle  adjoins  the  upper  oolite  on  the  north  and  west 
— accompanying  it  from  the  extremity  of  Dorset,  into  Wilts,  Oxfoni, 
Huntingdon,  Lincolnshire,  and  Yorkshire.    Until  it  reaches  Hunting 
don,  it  rarely  exceeds  6  or  8  miles  in  width,  but  in  this  county  and  in 
Lincoln  it  expands  to  a  width  of  nearly  20  miles.    In  Yorkshire  it  near- 
ly surrounds  the  upper  oolite,  and  on  the  northern  border  of  the  latter 
rormaUon  attains  a  width  from  north  to  south  of  6  or  8  miles. 

Soil. — The  higher  beds  of  both  the  upper  and  lower  calcareous  grits 
produce  good  land.  They  contain  lime  mtermingled  with  the  other  ma- 
terials of  the  siliceous  sand-stone.  The  upper  calcareous  grits  are  no 
doubt  improved  by  their  proximity  to  the  ^immeridge  clay  above  them, 
while  the  lower  calcareous  crit  is  in  like  manner  benefitted  by  the  lime 
of  the  super-incumbent  cond  rag.  The  under  beds  of  both  ^oups  are 
the  more  Rtiitv,  and  form  a  poor,  barren,  almost  worthless  soil,  much  of 
which  in  Yorkshire  is  still  unreclaimed.  Upon  the  hills  of  the  coral 
rag  itself  occurs  the  best  pasture  which  is  met  with  in  that  part  of  the 
North  Riding  of  Yorkshire  tbrouffh  which  Ais  formation  extends. 

The  Oxford  clay,  which  is  by  Sir  the  most  important  member  of  this 
formation,  and  forms  the  surface  over  by  far  the  largest  portion  of  the 
area  occupied  by  it — produces  a  close,  heavy,  compact  clay  soil,  difficult 
to  woric,  and  which  is  one  of  the  most  expensive  of  all  the  clays  to  cnl- 
tivate.  This  is  especially  the  case  in  Bedford,  Huntingdon,  Northamp- 
ton, and  Lincoln,  in  which  counties,  nevertheless,  a  considerable  extent 
of  it  is  under  the  plough.  In  Wilts,  Oxford,  and  Gloucester,  it  is  chiefly 
in  pasture,  and  as  over  these  districts  it  assumes  the  character  rather  of 
a  clayey  loam,  the  herbage  is  thick  and  luxuriant.  , 

The  impervious  nature  of  this  clay  has  caused  the  stagnation  of 
water  upon  its  lower  lying  portions,  the  consequent  accumulation  of 
Testable  matter,  and  the  formation  of  bogs.  The  extensive  fens  of 
Lincoln,  Northampton,  Huntingdon,  Cambridge,  and  Norfolk,  rest 
upon  the  Oxford  clay.  This  tract  of  fijnny  country  is  70  miles  in 
length,  and  about  10  in  avera^  breadth.  When  drained  and  covered 
with  the  clay  from  beneath,  it  is  capable  of  being  converted  into  a  most 
pioductiTe  soil.    In  Ldncolnahire,  there  are  about  a  million  acres  of 
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fea,  which  have  their  drainage  into  the  Wash,  about  50,000  of  which 
are  at  present  irreclaimable,  on  account  of  the  state  of  the  outlet. 

In  the  neighbourhood  of  the  Kelloways  rock  the  clay  becomes  move 
loamy  and  less  difficult  to  woik. 

Both  in  Yorkshire  and  in  the  southern  districts,  the  Oxford  clay  is 
found  to  favour  the  srowth  of  the  oak,  and  hence  it  is  often  distinguish- 
ed by  the  name  of  UMoaktne  clay. 


^\   ^fi' 


Inferior 
Oaliie. 
a  Combrash, 
b  Forest  Marble, 
c  Bradford  Clay, 
d  Bath  Ooolite, 
e  Fuller's  Earth, 
/  Inferior  Oolite, 
g  Calcareous  Sand, 


1 


30. 

50. 

50. 
130. 
140. 

SOO. 


10®.  Inferior  }      o^^  xk  Thin^  impure,  rubbly  beds  of 

shelly  hme-stone  form  the  upper 
part  of  this  series.    These  rest 
upon  alternate   beds  of  oolitic 
snelly  lime-stone  and  sand-stone, 
more  or  less  calcareous,  having 
partinffs  of  day ;  these  again  upon 
neds  ofblue  marly  clay,  immedi- 
ately under  which  are  the  thick 
beds  of  the  li^ht-coloured  oolite 
lime-stone   or   Bath.     Beneath 
these  follow  other  beds  of  blue 
clay,  with  Fuller's  earth,  baaed 
upon  another  oolitic  lime-stone, 
which  is  followed  by  slightly  cal- 
careous sands. 
Extent. — ^This  formation  commences  also  at  the  south-western  ex- 
tremity of  Dorset,  and  runs  north-east,  swelling  out,  here  and  there,  and 
in  Gloucester,  Oxford,  and  Northampton  attaining  a  width  of  15  to  20 
miles.    It  occupies  nearly  the  whole  of  these  three  counties,  covers  al- 
mcMBt  the  entire  area  of  Rutland,  a  large  portion  of  the  north-east  of 
Leicester,  and  then,  in  a  narrow  stripe,  stretches  north  through  Lincoln, 
and  disappears  at  the  Humber.    It  appears  a^[ain  in  the  North  Riding 
of  Yorkshire,  skirting  the  outer  edee  of  the  middle  oolite,  on  the  north 
of  which  it  attains  a  breadth  of  15  miles,  and  stretches  across,  with 
little  interruption,  from  near  Thirsk  to  the  north  sea.    A  small  patch  of 
it  i^ypears  farther  north,  on  the  south-eastern  coast  of  Sutherland,  and 
on  the  east  and  south  of  the  Isle  of  Sky. 

SoiL.^t  will  be  understood  from  what  has  been  already  stated  in 
reference  to  other  formations,  that  one  which  contains  so  many  different 
rocks,  as  this  does,  must  also  present  many  diversities  of  soil.  Where 
the  upoer  beds  come  to  the  surface,  the  cfay-partinss  give  the  charac- 
ter to  tne  soil — ^forming  a  calcareous  day,  which,  wnen  drv  or  drained, 
is  of  good  quality.  In  other  places  it  forms  a  dose  aahesive  day, 
which  is  naturally  almost  sterile.  The  Bath  oolite  weathers  and  crum- 
bles readily.  The  soil  upon  it  is  thin,  loose,  and  dry.  The  rock  is  full 
of  vertical  fissures,  which  carry  off  the  water  and  drain  its  surfiuse. 
When  free  from  fragments  of  the  rock,  the  soil  is  ofien  dose  and  imper- 
vious, and,  though  of  a  brown  colour,  deep,  and  apparendy  of  cood 
quadity,  it  is  really  worthlesS|  or,  as  the  fiutners  call  it,  dead  and  <&py. 
Moat  of  this  land,  howevjsr,  is  in  arable  cultivation.  The  heavy  soils, 
which  zest  on  the  day  containing  Fuller's  earth,  are  chiefly  in  pasture. 
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The  inferior  oolite  raries  much  in  its  character,  eontunin^,  in  some 
places,  much  lime>stone,  while  in  others,  as  in  Yoikshire,  it  foims  a 
thidc  mass  of  sand-stones  and  clays,  with  occasional  thin  bedsof  coaL 
In  Gloucester,  Oxford,  Northampton,  and  Rutland,  these  lower  beds 
form  a  trsct  of  land  about  tS  miles  in  width.  The  soil  is  generally  soft, 
sandy,  micaceous,  of  a  brown  colour,  and  of  a  good  fertile  quality.  It 
is  deep,  contains  many  fragments  of  the  subjacent  rock,  is  {X>rous,  and 
easily  worked.  Where  the  sand-stones  prevail,  it  is  of  inferior  quality. 
In  these  counties  it  is  principally  enclosed,  and  in  arable  culture,  the 
sides  of  the  oolitic  hills  and  tne  clajrey  portions  beiiif  in  pasture.  In 
Yorkshire,  much  of  the  unproductive  moor  land  of  &t  North  Riding 
rests  upon  this  formation.  Nearly  all  the  arable  land  in  the  county  or 
Sutherland  rests  on  the  narrow  stripe  of  the  lower  oolite  rocks  which 
occurs  on  its  south-east  coast  The  debris  of  these  rocks  has  formed  a 
loamy  soil,  which,  when  well  lined,  produces  heavy  crops  of  tumipe. 

11^*  LiaSm       500(0  1000 /^«      This  great  deposit  consists  chiefly 

of  an  accumulation  of  beds  of  blue 
clay,  more  or  less  indurated — inter 
rupted  in  various  places  by  beds  of 
marl,  and  of  blue,  more  or  leas 
earthy,  lime-stones,  which  especial- 
ly abound  in  the  lower  part  of  the 
series.    The  whole  is  fun  of  sheUs, 
and  of  the  remains  of  la^  extinct 
animals. 
Extent. — Wherever  the  lower  oolites  are  to  be  traced  in  England, 
the  lias  is  seen  coming  up  to  the  surface  on  its  northern  or  western 
edge,  pursuing  an  exceedingly  tortuous  north-eastern  course,  throwing 
out  in  its  course  many  arms  (outliers),  and  varying  in  breadth  from  9 
to  6  or  10  miles.    It  maj  be  traced  from  the  mouth  of  the  Tees,  in 
Yoikshire,  to  Lyme  Regui,  in  Dorset  the  continuity  being  broken  only 
by  the  coal  fiela  of  Somerset.    In  Scotland  and  Ireland  no  traces  of 
this  fonnation  have  yet  been  detected. 

Soil. — Throughout  tlie  whole  of  this  formation  the  soil  is  a  bhie 
clay,  more  or  less  sandy,  calcareous,  and  tenacious.  Where  the  lime 
or  sand  prevails  the  soil  is  more  open,  and  becomes  a  loam ;  where  th^ 
are  less  abundant,  it  is  often  a  cola,  blue,  unproductive,  wet  clay.  This 
latter,  indeed,  may  be  given  as  the  natural  character  of  the  entire  for- 
mation. Where  it  rests  upon  a  gravelly  or  open  subsoil,  or  contuns  a 
large  qu^mtity  of  ve^table  matter — it  may  be  cultivated  to  advantage, 
and  it  u  found  especially  to  produce  good  hertiatre.  In  all  situations, 
it  is  an  expensive  soil  to  work,  and  hence  by  fhr  the  greater  portion  of 
it  is  in  old  pasture.  The  celebrated  dairy  districts  of  Somerset.  Glou- 
cester, Warwick,  and  Leicester— rest  for  the  most  part  on  the  lias,  as 
does  also  much  of  the  best  grazing  and  pasture  land  in  Nottingham  and 
Yoikshire.  Through  the  long  lapse  of  time  an  artificial  soil  has  been 
produced  on  the  undisturbed  surface  of  these  clay  districts  which  is  pe- 
culiariy  propitious  to  the  growth  of  grass.  With  skilfUl  drainage  and 
judicious  culture,  it  is  ca^d>le  of  prmlucing  heavy  crop«  of  wheat 
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C— New  Red  SiNi>»0TnNB  System. 
12^«   Upper    and  )  The  upper  and  lower  red  sand- 

Lower    Red  >    500  ft.     »tonc8  consist  of  alicmate  layers 
^      •    .  L  ''        of  sand,  sand-stones,  and  marls 

^ana-SUmes.  J  sometimes  colourless,  but  gene- 

rally of  a  red  colour — sprinkled 
in  tne  upper  series  with  frequent 
green  spots.    The  lower  beds  are 
sometimes  full  of  rolled  pebbles. 
Few  of  the  sand-stones  of  this  for- 
mation   are   sufficiently  hard  to 
fonn  building  stones — many  of  the 
layers    consist  of  loose   fHable 
sand,  and  the  marls  universally 
decay  and  crumble  to  a  fine  red 
powaer  under  the  influence  of  the 
weather. 
Extent. — The  new  red  sand-stone  extends  over  a  larger  portion  of 
the  surface  of  England  than  any  other  fonnation.    It  commences  at 
Torbay,  in  the  south  of  Devon,  runs  north-east  into  Somersetshire ; 
from  Bristol  ascends  both  sides  of  the  Severn,  accompanies  it  into  the 
Tale  of  G  loucester,  stretches  along  the  base  of  the  McJvem  hills,  and 
north  of  the  cit^  of  Worcester  expands  into  a  gently  undulating  plain, 
nearly  80  miles  in  width  at  its  broadest  part,  comprehending  nearly  the 
whole  of  the  counties  of  Warwick  and  Stafford  and  the  greater  part  of 
that  of  Leicester    From  this  central  plain  it  parts  into  two  divisions. 
One  of  these  runs  west  over  the  whole  of  Cheshire— (in  which  county 
it  contains  salt  sprines  and  mines  of  rock  salt)~-the  western  part  of 
Flint,  and  on  the  souu-west  surrounds  the  counhr  of  Lancashire.    It 
is  there  interrupted  by  the  rising  of  the  older  rocKs  in  Westmoreland, 
but  re-appears  in  the  eastern  comer  of  this  county,  runs  north-west 
through  Cumberland,  forming  the  j^lain  of  Carlisle — and  thence  round 
and  across  the  Solwav  Frith  till  it  finally  disappeare  about  20  miles 
north  €v( Dumfries.    The  other  arm,  proceeding  from  the  towns  of  Derby 
and  Nottingham,  runs  due  north  through  Nottingham  and  the  centre  ^^ 
Yorkshire,  skirting  the  outer  edge  of  the  lias,  and  finally  disappears  in 
the  county  of  Duniam  to  the  north  of  the  river  Tees.    The  southern 
portion  of  this  arm  has  a  width  of  90  to  30  miles,  until  it  reaches  the 
neu;hbouriiood  of  Knaresborough,  where  itsuddenly  contracts  to  6  or 8, 
ana  does  not  again  expand  to  more  than  10  or  13  miles. 

North  of  Dumfries-shire  these  rocks  are  not  known  to  occur  in  our 
island.  In  the  north-east  of  Ireland  they  form  a  stripe  of  land  a  few 
miles  in  width,  running  from  Lough  Foyle  to  Lough  Neag^,  and  thence, 
with  slight  interruptions,  to  the  south  of  Belfast 

Soir.. — These  rocks,  by  their  decay,  ahno&t  always  produce  a  deep 
red  soil.  Where  the  red  clay  and  mari  predominate,  this  soil  is  a  red 
clay  or  clayey  loam  of  the  richest  quality,  capable  of  producing  almost 
every  crop,  and  remarkable  therefore  for  its  fertility.  It  is  chiefly  in 
arable  culture,  because  of  the  comparative  ease  with  which  it  is  work- 
ed, but  the  meadows  are  rich,  and  produce  eood  heifoage.  Where  the 
rocks  are  more  sandy,  and  contain  few  nuurly  bands,  the  soil  produced 
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iirbS^r  ^""*"^  fo^M  a  good  sandy  loam,  suitable  for  tamip. 

In  DevonBhire,  as  in  the  Tale  of  Taunton  and  other  localiUea.  whim 
the  htm  and  the  red  sand-stone  adioin  each  other  nTriirJ^^  ^  ^ 
the  difference  in  the  fertiUty  and  «nelS  n,^^^  '^H  ^^  '^ 

tracuisverymrildng.  pA:tr^^^  1^^;"":^^-'^^ 
Snaa  land  u  Been,  but  the  arable  land  on  the  W.,  ^ST^'  ??^  i 
eat  and  most  luxariant  crop,  to  £  ^Sn  oS  mv  ^in'^S^l'^J"'  "*?• 
thi.  county,  and  in  Som«Set,  Ae  ^^  SiMuiTk  L™.*^^""?-  ^ 
toe,  on  eT«y  Petition  pT^hich  H  i.Vd"7roduS,^^ 
The  same  remaiks  as  to  its  comparetiTe  fertimv«r.ni!r  »jSf^  ^^^ 
less  force  to  the  whole  of  the  lar««e^  o«5»iS'  ^^l?^.'?'^  "^  ^ 
our  island-whercTer  the  soa3bS^eh2flv  fon^^^^i"'?"'*"' " 

In  the  south  of  Liuicashire,  and  alon^  its  wv>B»*m  -«•-.*       j 

18*^.  Ma^nesian  >  The  magnesian  lime-atone  is 

Lmtstone.  (  generally  of  a  yeUow,  sometimes 

of  a  grey,  colour.  In  the  upper 
part  It  occasionally  presents  itself 
m  thin  beds  which  crumble  more 
readily  when  exposed  to  the  air. 
In  some  places,  also,  it  assumes 
a  mmly  character,  forminF  mass- 
es which  are  soft  and  fri^le :  in 
pneral,  however,  it  is  in  thick 
beds,  hard  and  compact  enoueh 
to  be  used  for  a  buil&ng  stoned 
formendine  the  roads.  Thequan- 
toty  of  cai^&onate  of  magn^a  it 
\  contains  vanes  ftom  1  to  45  per 

cent  ItisinthenorthofEnriid 
generally  traversed  by  vcrdcal  ^ 
wires  which  render  the  smftoe 
dry,  and  make  water  in  many 

^.  ExTENT.-Themii^«e«a«im«<em.Vi^h«^^ 

line  neariy  due  north  from  the  C^  lS^SnS.lJ?o^k  "^^  unbroken 

river  Tyne.    It  i.  in  general  on^y^  KSlstTidA^^^ 

on  the  native  rock-groducinf  indittt  h^A^^^^^ 
grass,  but  under  skilful  management  canable  nfSLi^,^  ^^  ^ 

of  tumips  and  bariey.    In  tKS^^SS  o^^^^^^^  T^ 

tmcuoi^the  poorest^and  r^^^n^^l^^^Z^^^^ 
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IB  for  the  most  part  covered  with  deep  accumuladons  of  transported 
materials — the  quality  of  the  soil  is  in  very  many  places  more  depend- 
ant upon  the  character  of  this  superficial  covering  than  upon  the  nature 
of  the  rock  beneath. 

During  the  slow  degradation  of  this  rock,  the  rains  gradually  wash 
out  great  part  of  the  magnesia  it  contains,  so  that  it  seldom  happens 
that  the  soil  formed  from  it,  though  resting  on  the  parent  rock,  contains 
ao  much  magnesia  as  to  be  necessarily  hwtful  to  vegetation. 

D. — Carboniferous  System. 
14°.   Coed  Measures,   300 /i.         Consisting  of  alternate  beds  of 

indurated  blueish-black  clay  (coal 
shale),  of  siliceous    sana-stone 
generally  my  in  colour  and  con- 
taining mioeaded  plants,  and  of 
coal  of  various  qualities  and  de- 
grees of  thickness.    Beds  of  lime- 
stone rarely  appear  in  this  forma- 
tion till  we  approach  the  lowest 
part  of  the  series. 
Extent. — Fortunately  for  the  mineral  resources  of  Great  Britain,  the 
coal  measures  occupy  a  large  area  in  our  Island.    Most  of  the  districts 
in  which  they  occur  are  so  well  known  as  to  require  only  to  be  indica- 
ted.   The  south  Welsh  coal-field  occupies  the  south  of  Pembroke, 
nearly  the  whole  of  Glamorgan,  and  part  of  Monmouth-shire.    In  the 
north  of  Somerset  are  the  coal  measures  of  the  Bristol  field  which 
stretch  also  across  the  Severn  into  the  forest  of  Dean.    In  the  middle 
of  the  central  plain  of  the  new  red  sand-stone,  lie  the  coal-fields  of 
Ashby-de-la-2^ouch,  of  Coventry,  end  Dudley,  and  on  its  western  bor- 
ders are  those  of  Shropshire,  Denbigh,  and  Flint  (North  Wales).    To 
the  north  of  this  plain  extends  on  the  ri^ht  the  Yorkshire  coal-field 
firom  Nottingham  to  Leeds,  while  on  die  toft  is  the  small  coal-field  of 
Newcastle-under-Line,  and  the  broader  Lancaahire  field  which  crosses 
the  country  6rom  near  Ldverpool  to  Manchester.    Almost  the  entire 
eastern  half  of  the  County  of  Durham,  and  of  the  low  country  of  North- 
umberland, is  covered  with  these  measures — ^but  the  largest  area  covered 
by  these  rocks  is  in  that  part  of  the  low  country  of  Scotland,  which 
extends  in  a  north-easterly  direction  firom  the  west  coast  of  Ayrshire  to 
the  eastern  coast  of  Fife.    They  there  form  a  broad  band,  having  an 
average  breadth  of  30  miles,  interrupted  ofien  by  trap  or  green-stone 
rocks,  yet  lyin^  immediately  beneath  the  loose  superficial  matter,  over 
the  lai^gest  portion  of  this  extensive  district.    They  do  not  occur  further 
north  in  our  island.    In  Ireland  they  form  a  tract  of  limited  extent  on 
the  northern  borders  of  the  County  of  Monaghan—- cover  a  much  larger 
area  in  the  south-east  in  Kilkenny  and  dueen's  Counties — andtowaras 
the  mouth  of  the  Shannon,  spreaa  on  either  bank  over  a  large  portion 
of  the  Counties  of  Clare,  nLerry,  and  Limerick. 

Soil. — The  soil  produced  by  the  degradation  of  the  sand-stones  and 
shales  of  the  coal  formation  is  universally  of  inferior  quality.  The 
black  shales  or  schists^  form  alone  a  cold,  stiff,  ungrateful  clay.  The 
sand-stones  alone  form  thin,  unproductive  soils,  or  barren — almost  na- 
ked— sheaths.    When  the  clay  and  sand  are  mixed  a  looser  soil  is  pro- 
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duced,  which,  by  heavy  limeing;,  hj  drainine,  and  by  akiUul  culture, 
may  be  rendered  moderately  productive.  In  me  west  of  the  counties  of 
Durham  and  Nnrthumberland,  and  on  the  higher  edges  of  most  of  our 
coal  fields,  there  are  extensive  tracts  of  this  worthless  sand-stone  sur- 
lace,  and  thousands  of  acres  of  the  improvable  cold  clays  of  the  shale 
beds.  These  latter  soils  appear  ver^  unpromising,  and  can  only  be 
tendered  remuneratively  productive  m  skilful  hands.  Ihey  present 
one  of  those  cases  in  which  the  active  exertions  of  zealous  agncultur- 
ists,  and  the  efforts  of  the  friends  of  agriculture,  might  be  expinded  with 
the  promise  of  much  benefit  to  the  country. 

16^.  MilUUme  Grit,  WOfU        '^^^f^  formation  consists  in  some 

localities    of  an    entire   mass   of 
coarse  sand-stone,  of  great  thick- 
ness—in others  of  alternations  of 
sand-stones  and  shales,  resembling 
those  of  the  coal-measures — while 
in  others,  a^n,  lime-stones,  more 
or  less  siliceous,  are    interposed 
among  the  sand- stones  and  snales. 
Extent. — A  large  nortion  of  Devonshire  is  covered  with  these 
rocks — they  form  also  tne  high  land  which  skirts  to  the  north  and  west 
the  coal-measures  of  Yorkshire,  Lancashire,  and  Durham,  and  over 
which  is  the  first  ascent  to  the  chain  of  mountains  that  run  northward 
through  these  tliree  counties.    In  Scotland,  they  have  not  been  observed 
to  lie  immediately  beneath  any  part  of  the  surface.    In  the  north  of  Ire- 
land they  cover  a  considerable  area,  stretching  across  the  coimty  of 
Leitiim  between  Sligo  and  Lough  Erne. 

Soil. — The  soils  resting  upon,  and  formed  from,  tliese  rocJcs  are 
generally  of  a  very  inferior  description.  Where  the  sand-stones  come 
to  the  surfiice,  miles  of  naked  rock  appear;  other  tracts  bear  only  heath, 
or,  where  the  rains  have  only  a  parual  outlet,  accumulations  of  peaL 
The  shale-beds,  like  those  of  the  coal-measures,  afford  a  cold,  unpro- 
ductive, yet  not  unimprovable  soil— it  is  only  where  lime-stones  occur 
among  them  that  patcnes  of  healthy  verdure  are  seen,  and  fields  which 
are  readily  susceptible  of  profitable  arable  culture. 

It  is  true,  therefore,  of  this  formation  in  general,  that  the  high  grounds 
form  extensive  tracts  of  moor-land.  In  the  lower  districts  of  country 
over  which  it  extends,  the  soil  generally  resu  not  on  the  rocks  them- 
selves, but  on  superficial  accumulations  of  transported  materials,  which 
are  oftrn  of  such  a  kind  as  to  form  a  soil  either  productive  in  itself  or 
capable  of  being  rendered  so  by  akiliul  cultivation. 

16®.    Mountain   >         ann  i>  In  this  formation,  as  its  name 

Lime-stone.  \         ^^"/'»      implies,  lime-stone  is  the  predo- 

^  minating  rock.     It  is  generally 

hard,  blue,  and  more  or  less  foil  of 
organic  remains.  In  some  locali- 
ties, it  occurs  in  beds  c^  vast 
thickness — (Derby  and  York- 
shire)— while  in  others— (North- 
umberland^— it  is  divided  into 
numerous  layers,  with  interposed 
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sand'Stones  and  bftds  of  shale, 
and  occasional  thin  seams  of  coal 
ExTBfiT. — The  greater  portion  of  the  counties  of  Derby  and  North- 
amberland  are  covered  by  this  formation,  and  from  the  latter  county  it 
stretches  along  the  west  of  Durham  through  Yorkshire  as  far  as  Preston, 
in  Lancashire — forming  the  mountains  of  the  well  known  Pennine 
chain,  which  throw  out  spurs  to  the  east  and  west,  and  thus  present  on 
the  map  an  irrefi:ular  outline  and  varying  breadth  of  country.  In  Scot- 
land these  rocks  cover  only  a  small  portion  of  the  county  of  Berwicl^ 
immediately  on  the  Border;  but  in  Ireland,  almost  the  entire  centra] 

Strt,  forming  upwards  of  one-half  of  the  whole  Island,  is  occupied  by 
e  mountain  lime-stone  formation. 

Soil. — From  the  slowness  with  which  this  rock  decays,  many  parts 
of  it  are  quite  naked ;  in  others,  it  is  covered  with  a  thin  light  porous 
soil  of  a  brown  colour,  which  naturally  produces  a  short  but  thick  and 
sweet  herbage.  Much  of  the  mountain  hme-stone  country,  therefore,  is 
in  natural  pasture. 

Where  the  lime-stones  are  mixed  or  interetratiiied  with  shale  beds, 
which  decay  more  easily,  a  deeper  soil  is  found,  especially  in  the  hollows 
and  towards  the  bottom  of  the  vallies.  These  are  often  stiff  and  natu- 
rally cold,  but  when  well  drained  and  limed  produce  excellent  crops  of 
sYery  kind.  In  Northumberland,  much  of  the  mountain  lime-stone 
country  is  still  in  moor-land,  but  the  excellence  of  border  farming  is 
gradually  rescuing  one  improvable  spot  afler  another  from  the  hitherto 
unproductive  waste.  In  Yorkshire  and  Devonshire  also  improvements 
are  more  or  less  extensively  in  progress,  though,  in  all  these  districts, 
there  are  large  tracts  which  can  never  be  re-claimed. 

E. — Old  Rkd  Sani>-8Tone  ob  Drvonian  Ststem. 
17^.  Old  Red  Sand-  }     500  to         The  upper  part  of  this  formar 

sUme.  S  1 0,000  ft.  ^'^^  ^"'"|"  ^^  "^  sand-stonej 

^       '        -^      and    conglomerates   (mdurated 

Old  Red  Conglomerate.  sandy  mvel),  the  middle  of  spotr 

Corn-stone  and  Marls.  ted,  red  and  green,  clayey  marls, 

Tile-stone.  ^^^  irregular  layers  of  hard,  ofr 

ten  impure  and  siliceous  lime^ 
stones  (comstones)  likewise  pot> 
tied,  and  the  lowest  of  thin  hard 
beds  of  siliceous   sand-stones, 
sometimes  calcareous,  mottled, 
and  splitting  readily  into  thin 
flags  (tile-stones). 
Extent. — ^Though  occasionally  of  vast  thickness,  the  old  red  sand- 
stone does  not  occupy  a  very  extensive  area  in  our  Island.     In  the  south 
of  Pembroke  it  forms  a  tract  of  land  on  either  side  of  the  coal-field — 
surrounds  on  the  north  and  east  the  coal-field  of  Glamorgan,  and  imme- 
diately north  of  this  county  covera  a  large  area  comprehending  the 
mater  portion  of  Brecknock  and  Herefora,  and  part  of  Monmouth. 
A  small  patch  occura  in  the  Isle  of  Anglesey,  and  in  the  north-eastern 
comer  of  Westmorland — but  it  does  not  again  present  itself  till  we 
reach  tlie  western  ftank  of  the  Cheviot  Hills.    It  there  ap[)ears  on  either 
side  of  the  Tweed,  and  extends  over  a  portion  of  Berwick  and  Rox- 
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burgh  to  the  base  of  the  Lrnnmermuirs.  On  the  north  of  the  same 
hills  it  again  presents  itself,  and  stretching  to  the  south-west,  forms  a 
considerable  tract  of  country  in  the  counties  of  Haddington  and  Lanark. 
On  the  north  of  the  great  Scottish  coal-field  it  forms  a  broad  band, 
which  runs  completely  across  the  island  in  a  south-western  direction 
alone  the  foot  of  the  Grampians,  from  Stonehaven  to  the  Firth  of  Clyde, 
is  to  be  discovered  in  the  Island  of  Arran,  and  at  the  MuU  of  Cantire. 
and — along  the  prolongation  of  the  snme  line — at  various  places  on 
the  northern  flanic  of  the  great  mountain  lime-stone  formation  of  Ire- 
land, and  especially  in  the  counties  of  Tyrone,  Fermanagh,  and  Mo- 
naghan.  In  the  north  of  Scotland,  it  lines  either  shore  en  the  Moray 
Firth,  skirts  the  coast  towards  Caithness,  where  it  covers  neariy  the 
whole  county,  and  still  further  north,  forms  the  entire  surface  of  the 
Shetland  Islands.  Along  the  north-western  coast,  it  also  appears  in 
detached  patches  till  we  reach  the  southern  extremity  of  the  Isle  of  Sky. 

In  Ireland,  it  occurs  also  on  the  extreme  southern  edge  of  the  moun- 
tain lime-stone,  in  Waterford  and  the  neighbouring  counties — and  in  the 
middle  of  this  formation  on  the  upper  waters  of  the  Shannon,  in  the 
south  of  Mayo,  and  round  the  base  of  the  slate  mountains  of  Tipperary. 

SoiL.-^The  soil  on  the  old  red  sand-stone  admits  of  very  neariy  the 
same  variations  as  on  the  new  red  snnd-stone  formation.  Where  it  is 
formed,  as  in  parts  of  Pembroke,  from  the  upper  sand-stones  and  con- 
glomerates, it  is  either  worthless  or  it  produces  a  poor  hungry  soil, 
"  which  eats  all  the  manure,  and  drinks  all  the  water."  These  upper 
rocks  are  sometimes  so  siliceous  as  to  be  almost  destitute  both  of  lime 
and  clay — in  such  cases,  the  soils  they  form  are  almost  valueless. 

The  marlv  beds  and  lime-stones  of  the  second  division,  yield  waim 
and  rich  soils — such  as  the  mellow  lands  of  Herefordshire,  and  the  beat 
in  Brecknock  and  Pembroke  shires.  The  soil  in  every  district  varies 
according  as  the  partings  of  marl  are  more  or  less  numerous.  These 
easily  crumble,  and  where  they  abound  form  a  rich  stiff  wheat  soil — 
like  that  of  East  Lothian  and  parts  of  Berwickshire;— where  they  are 
less  frequent  the  soil  is  lighter  and  produces  excellent  turnips  and  bariey. 
Where  the  subsoil  is  porous,  this  land  is  peculiarly  favourable  to  the 
growth  of  fruit  trees.*  The  apple  and  the  pear  are  largely  grown  in 
Hereford  and  the  neighbouring  counties,  long  celebrated  for  the  cider 
and  perry  they  produce. 

Tne  tue-stones  reach  the  surface  only  on  the  northern  and  western 
edges  of  this  formation  in  England.  In  Ayrshire,  in  Lanarkshire,  in 
Ross-shire,  and  in  Caithness,  larger  tracts  of  Ihnd  rest  on  these  lower 
beds.  In  all  these  districts  rich  com  lands  are  produced  firom  the  rocks 
of  the  middle  series.  The  fertility  of  Strathmore  in  Perthshire,  and  of 
other  vallies  upon  this  formation,  is  well  known — Easter  Ross  and  Mur- 
ray have  been  called  the  granary  of  Scotland,  and  even  in  Caithness 

•  The  most  loamy  of  these  red  soils  of  Hereford  afford  the  finest 
crops  of  wheat  and  hops,  and  bear  the  most  prolific  apple  and  pear 
trees,  whilst  the  whole  region  (eminently  in  the  heavier  clayey  tracts} 
is  renowned  for  the  production  of  the  sturdiest  oaks,  which  so  abouna 
as  to  be  styled  the  "  weeds  of  Herefordshire."  Thus,  though  this  region 
contains  no  mines,  the  composition  of  its  rocks  is  directly  productive  of 
its  great  agricultural  wealth. — Marchisont  Silurian  System,  L,  p.  193. 
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rieh  eom-bearing  (oat)  lands  are  not  nnfrequent  Yet  in  the  immediattt 
neiehboorhood  of  these  rich  lands,  tracts  of  tile-stone  country  occur, 
which  are  either  covered  with  useless  bog  (Ayrshire and  Lanarkshire! 
or  with  a  thin  covering  of  soil  which  is  almost  incapable  of  profitable 
culture.  In  this  latter  condition  is  the  moor  of  Beauiy  on  the  Gromap- 
thy  Firth,  an  area  of  50  square  miles,  which  till  within  a  few  years  lay 
as  an  unclaimed  common — and  in  the  county  of  Caithness  still  more 
extensive  tracts. 

In  South  Devon  and  part  of  Cornwall  a  very  fertile  district  rests  also 
on  the  middle  series  of  these  rocks.  Instecui  of  red  sand-stones,  how- 
ever, the  country  there  consists  of  green  slates,  more  or  less  siliceous, 
of  sand-stones  and  of  lime-stones,  which  by  their  decay  have  formed  a 
verjr  productive  soil.  These  rocks  in  the  above  counties  abound  in 
fossil  remains,  and  it  is  chiefly  for  this  reason  that  the  term  DevoniUm 
has  been  applied  to  the  rocks  of  the  old  red  sand-stone  formation. 

in.  Prikart  Strata. — ^In  these  rocks  slates  aboundi 
and  lime-stones  are  more  rare.  Organic  remains  are  also 
less  frequently  met  with  than  in  the  superior  rocks.  These 
remains  belong  all  to  extinct  species,  the  greater  part  to  ex- 
tinct genera  and  families,  and  are  frequently  so  wholly  un- 
like to  existing  races  that  it  is  often  difRcult  to  trace  any 
resemblance  between  the  animals  which  now  live  and  those 
which  appear  to  have  inhabited  the  waters  of  those  ancient 
periods. 

F. — Silurian  System. 
18**.  Upper  Silurian.  3800  ft.        The  upper  Ludlow  rocks  coll- 
ie. Ludlow  formation.  "/*  nn.*!lnf  ^^^^ 

-  careous  and  argillaceous.    These 

a  Upper  Ludlow  J  rest  upon  hard,  somewhat  cnrs- 

b  Aymestry  Lime-stone  >  2000    talline,  earthy  lime-stones  (Ay- 

c  Lower  Ludlow  )  mestry  lime-stones.)    The  lower 

Qo   -ixre».^^ir  •^.^....^„  Ludlow  rocks  are  masses  of  shale 

20.  Wenlock  pormatioh.  ^^^  f^  f^^  ,.^^  ^^^  ^^^ 

a  Lime>8tone  >  than  the  upper  beds,  and  from  the 

b  Shale  >  ^^^    mode  in  which  they  decay  into 

mud  are  locally  known  by  the 
name  of  "  mud-stones." 

The  Wenlock  or  Dudley  for- 
mation consists  in  the  upper  part 
of  a  great  thickness  of  hme- 
stone  beds  often  argillaceous,  and 
abounding  in  the  remains  of  ma- 
rine animals;  and  in  the  lower 
part  of  thick  beds  of  a  dull  clayey 
shale — in  its  want  of  cohesion, 
and  in  its  mode  of  decay,  yeiy 
much  resembling  the  mud^sUmes 
of  Ludlow. 
82* 
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£zTBNT~.Th€  principal  seat  of  theM  roelu  in  our  laland  is  in  tfa* 
•astern  counties  or  Wales,  where  they  lie  immediately  beneath  theaur* 
fiu»  oyer  the  eastern  half  of  Radnor,  and  the  north  of  Montgomeiy. 

Soil.— The  prevailing  character  of  the  soils  upon  these  fonnations  is 
deriTed  from  the  shales  and  mud-stones — and  from  the  earthy  layers  of 
the  sand-stones  and  lime-stones  which  decay  more  readily  than  the  purer 
masses  of  these  rocks.  The  traveller  is  immediately  struck  in  passing 
from  the  rich  red  marls  and  clays  of  the  old  red  sana-stone  in  Herefbn^ 
on  to  the  dark,  almost  black,  soils  of  the  upper  and  lower  Ludlow  rocks 
in  Radnor,  not  merely  by  the  change  of  colour,  but  by  their  obviously 
diminishea  value  ana  productiveness.  The  upper  Ludlow  is  crossed 
by  many  vertical  cracks  and  fissures,  and  thus,  mough  clayey,  the  soil 
which  rests  upon  it  is  generally  dry,  and  susceptible  of  cultivation. 

Not  so  the  muddy  soils  of  the  lower  Ludlow  and  Wenlock  rocks. 
They  «re  generally  more  or  less  impervious  to  water,  and  being  subject 
to  the  drainage  of  the  upper  beds,  fonn  cold  and  comparatively  unman- 
ageable tracts.  It  is  only  where  the  intermediate  lime-stones  (Aymestnr 
and  Wenlock  lime-stones)  come  to  the  surfiice  and  minele  their  debns 
with  those  of  the  upper  and  lower  rocks,  that  the  stiff  clays  become 
capable  of  bearine  excellent  crops  of  wheat.  This  fact,  however,  indi- 
cates the  method  by  which  the  whole  of  these  cold  wet  clays  might  be 
ereatly  improved.  By  perfect  artificial  drainaee  and  copious  limeing, 
tiie  unproaoctive  soils  of  the  lower  Ludlow  and  of  the  Wenlock  shales 
mi£;ht  oe  converted  into  wheat  lands  more  or  less  rich  and  fertile.  It 
unfortunately  happens,  however,  that  in  those  districts  of  North  and 
South  Wales,  where  the  dark  grey  or  black  "rotcky"  land  of  the  mud- 
stones  prevails,  lime  is  often  so  scarce  or  has  to  be  brought  from  so  great 
a  distance,  as  to  render  this  means  of  improvement  almost  unattainable. 

19®.  Lower  SUuHoH.  8700 /<.         The  Caradoc  beds  consist  of 

P-r-^Ai.  Q««^  -f^^..         or^oA    ^^^  ^®y®"  of  sand-stone  of  vari- 
Caradoc  Sand-stones         2500    ous  colours,  resting  upon,  and 

Llandeilo  Flags  1200    covered  by,  and  occasionally  in- 

terstraiified  with  thin  beds  of  im- 
pure lime-stone.    The  Llandeilo 
flags  which  lie  beneath  them  con- 
sist of  thin  calcareous  strata,  in 
some  localities  alternating  with 
sand-stones  and  shales. 
Extent.— These  rocks  form  patches  of  land  in  Shropshire  and  the 
north  of  Montgomery— and  skirt  the  southern  and  eastern  edge  of 
Caermarthen.    None  of  tlie  Silurian  rocks  have  vet  been  found  to  ex- 
tend over  any  large  portion  of  either  Scotland  or  Ireland. 

Soil. — The  Caradoc  sand-stone,  when  free  from  lime,  produces  only 
a  naked  surface  or  a  barren  heath.  The  Llandeilo  flags  form  a  fertile 
and  arable  soil,  as  may  be  seen  in  the  south  of  Caermartiien,  where  ihey 
arc  best  developed,  and  especially  on  the  banks  of  the  Towey,  which 
for  many  miles  before  it  reaches  the  town  of  Caermarthen  runs  over 
this  formation. 

In  this  formation,  as  in  every  other  we  have  yet  studied,  the  soil 
changes  immediately  on  the  appearance  of  a  new  rock  at  the 'surface. 
The  soil  of  the  Wenlock  shale  is  sometimes  more  sandy  as  it  approach- 


^ 
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M  the  Candoc  beds,  and  on  farourable  slopea  fonns  good  arable  land 
and  sustains  luxuriant  woods,  but  where  the  Caradoc  sand-stones  reach 
the  surface,  a  wild  heath  or  poor  wood-land  stretches  over  the  country, 
until  passing  orer  their  edees  we  reach  the  lime-containing  soils  of  the 
Llanaeilo  flags,  when  fertue  arable  lands  and  lofl^  trees  again  appear.* 

G. — Cambrian  System. 

20^*   V'pper  Sc  Lower  )  These  rocks,  which  are  many 

CcmAfian       >  thousand  yards  in  thickness,  con- 

«^f.^  i  aist  chiefly  of  thin  slates  oAen 

•"*^'**^  /  hard  and  cleaving  readily,  like 

roofing  slates,  occasionally  inter* 
mingled  with   sandy   and  thin 
lime-stone  beds.    Tney  contain 
few  organic  remains. 
Extent.— These  rocks  corer  the  whole  of  Comwal],  part  of  North 
and  South  Devon,  the  western  half  of  Wales,  the  entire  centre  of  the 
Isle  of  Man,  and  a  large  part  of  Westmorland  and  Soudi  Cumberland. 
In  Scotland,  they  form  a  oand  between  30  and  40  miles  in  width,  which 
crosses  the  Island  firom  the  Mull  of  Galloway  to  St.  Abbs  Head.   They 
form  also  a  narrow  stripe  of  land,  which  recrosses  the  Island  along  the 
upper  edge  of  the  old  red  sand-stone  firom  Stonehaven  to  the  Isle  of 
Bute,  and,  further  north,  spread  over  a  considerable  portion  of  Banffshire. 
In  the  south-west  of  Ireland  they  attain  a  great  breadth,  are  narrower 
at  Waterford,  but  form  a  broad  band  alonf  the  granite  mountains  horn 
that  city  to  Dublin.    They  extend  over  a  laree  portion  of  the  counties 
of  Louth,  Cavan,  Monaghan,  Armagh,  and  Down, — form  a  narrow 
stripe  also  along  the  coast  of  Antrim  as  far  north  as  the  Giant's  Cause- 
way,— and,  in  me  interior  of  Ireland,  re-appear  in  the  mountainous  dis- 
trict of  Tipperary. 

Soil. — 1  he  predominance  of  slaty  rocks  in  this  formation  imparts  to 
the  soils  of  the  entire  surface  over  which  they  extend  one  common 
clayey  character.  They  generally  form  elevated  tracts  of  country,  as 
in  Wales,  Cumberland,  Scotland,  and  Ireland,  where  the  risours  of  the 
climate  combine  with  the  frequent  thinness  and  poverty  of  the  soil  to 
condemn  ''extensive  districts  to  worthless  heath  or  to  widely  extended 
bogs.  Yet  the  slate  rocks  themselves,  especially  when  they  happen  to 
be  calcareous,  are  capable  of  producing  fertile  soils.  Such  are  found  in 
the  valleys,  on  the  hul  sides,  and  by  the  margins  of  the  lakes  that  are 
often  met  with  in  the  slate  districts.  More  extensive  stripes  or  bands 
of  such  productive  land  occur  also  at  lower  levels,  as  in  the  north  of 
Devon,  and  in  the  south  of  Cornwall.  In  the  latter  county,  the  soils  on 
iSnA  honMtnde  sUtU  (which  lies  near  the  bottom  of  the  slate  series)  are 
extremely  fertile,  exhibiting  a  striking  contrast  with  those  which  are 
formed  from  the  neighbouring  Serpentine  rocks,  that  extend  over  alaige 
area  immediately  north  of  the  Lizard  (see  p.  386.) 

Where  the  clay-slate  soils  occur,  therefore,  however  cold  and  stiff 
they  may  be,  a  uvourable  climate,  drainage,  if  necessary,  and  lime 

^  *  Such  a  passage  from  one  formation  to  another  is  exhibited  in  the 
diagrams  inserted  in  pages  349  and  350. 
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either  naturally  oresent,  or  artificially  added,  appear  to  be  the  first  reqni- 
■ites  to  insure  fertility. 

The  mode  in  which  these  rocks  lie,  or  the  degree  of  inclination  which 
the  beds  exhibit,  exercises  an  important  influence  upon  the  a^cultural 
character  of  the  soils  that  rest  upon  them.  In  the  diagram  mserled  in 
p.  350,  the  rocks  (A)  represent  the  highly  inclined,  often  nearly  vertical 
position,  in  which  the  slate  rocks  are  most  frequently  found.  The  soil 
formed  from  them  must,  therefore,  rest  on  the  thin  edges  of  the  beds. 
Thus  it  happens  in  many  localities  that  the  rains  cany  down  the  solu- 
ble parts  of  the  soil  and  of  the  manure  within  the  partings  of  the  sUuea 
— and  hence  the  lands  are  hun^y  and  unprofitable  to  work. 

On  the  slopes  of  the  clay  uate  hills  of  the  Cambrian  and  Silurian 

2 'Stems,  flourish  the  vineyards  of  the  middle  Rhine,  the  Moselle,  and 
e  Ahr. 

H. — Mica-Slate  and  Gneiss  Systems. 

21^.    Mica'Slatej     }  The  upper  of  these  formations 

Gneiss  Rock.  K  consists  of*  thin  undulaung  layers 

^  of   rock,   consisting   chiefly   of 

quartz  and  mica,  alternating  oc- 
casionally with  green  (chlorite) 
slates,  common  clay-slates,  quartz 
rock  and  hard  crystalline  lime- 
stones.   The  gneiss  is  a  hard  and 
solid  rock  of  a  similar  nature, 
consisting  of  many  thin  layers 
distinctly  visible,  but  firmly  ce- 
mented, and  as  it  were  half-melt- 
ed together. 
Extent. — Two-thirds  of  Scotland,  comprehendine  nearly  the  whole 
country  north  and  west  of  the  Grampians,  consist  of  these  rocks.    In 
England  there  is  only  a  small  patch  of  mica  slate  about  Bolt  Head  and 
Start  Point  in  South  Devon,  and  a  somewhat  larger  in  Anglesey ;  but 
in  Ireland,  nearly  the  whole  of  the  counties  of  Donegal  and  Londonderry 
on  the  north,  and  a  large  portion  of  Mayo,  Connau^ht,  and  Galway, 
on  the  west,  are  covered  by  rocks  belonging  to  the  mica  slate  system. 

Soils. — These  rocks  are,  in  general,  h^er  still  than  those  of  the 
Cambrian  system,  and  still  more  impervious  to  water,  when  not  highly 
inclined.  They  crumble  slowly,  therefore,  and  imperfectly,  and  hence 
are  covered  with  thin  soils,  on  which,  where  good  natural  drainage  exists, 
a  coarse  herbage  springs,  and  from  which  an  occasional  crop  of  com 
may  be  reaped — ^but  on  which,  where  the  water  becomes  stagnant,  ex- 
tensive heaths  and  bogs  prevail.  That  they  contain,  when  perfectly  de- 
composed and  mellowed,  the  materials  of  a  fertile  soil,  is  shown  by  the 
richness  of  many  litde  patches  of  land,  that  occur  in  the  sheltered  valleys 
of  the  Highlands  of  Scotland,  and  by  the  margins  of  its  many  lakes. 
In  general,  however,  the  mica-slate  and  gneiss  country  is  so  elevated  that 
not  only  does  an  ungenial  climate  assist  its  natural  unproductiveness, 
but  the  frequent  rains  and  rapid  flowing  rivers  bear  down  to  the  bottoms 
of  the  vallies  or  forward  to  tne  sea,  much  of  the  finer  matter  produced 
by  the  decay  of  therodcs, — ^leaving  only  a  poor,  thin,  sandy  sou  behind. 
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On  these  hard  slate  and  gneiss  rocks  extensive  pine  forests  in  Sweden 
and  Norway  have  long  liv^  and  died.  In  these  countries  it  is  custom- 
ary in  many  places  to  bum  down  the  wood,  to  strew  the  ashes  over 
the  thin  soil,  to  harrow  in  the  seed — to  reap  thus  one  or  two  har- 
vests of  rye,  and  to  abandon  it  agcdn  to  nature.  A  grove  of  beech 
first  springs  up,  which  is  supplanted  by  an  after-growth  of  pine,  and 
finally  disappears. 


Such  is  a  general  description  of  the  nature  and  order  of 
succession  of  the  stratified  rocks,  as  they  occur  in  Great 
Britain  and  Ireland— of  the  relative  areas  over  which  they  se« 
yeraliy  appear  at  the  surface — and  of  the  kind  of  soils  which 
they  produce  by  their  natural  decay.  The  consideration  of 
the  facts  above  stated,*  shews  how  very  much  the  fertility  of 
each  district  is  dependant  upon  its  geological  structure — ^how 
much  a  previous  knowledge  of  that  structure  is  fitted  to  en- 
lighten us  in  regard  to  the  nature  of  the  soils  to  be  expected 
in  any  district — ^to  explain  anomalies  also  in  regard  to  the 
unlike  agricultural  capabilities  of  soils  apparently  similar — 
to  indicate  to  the  purchaser  where  good  or  better  lands  are 
to  be  expected,  and  to  the  improver,  whether  the  means  of 
ameliorating  his  soil  by  limeing,  by  marling,  or  by  other  ju« 
dicious  admixture,  are  likely  to  be  within  his  reach,  and  in 
what  direction  they  are  to  be  sought  for.  There  still  re- 
main some  important  branches  of  this  subject  to  which,  at 
the  risk  of  fatiguing  you,  it  will  be  my  duty  briefly  to  draw 
your  attention  in  the  following  lecture. 

«  For  much  of  the  practical  information  contained  in  this  section,  I 
have  to  express  my  obligations  to  the  following  works : — For  the  ex- 
treme southern  counties,  to  De  La  Beche's  Geological  Report  on  Corn- 
wcJl  and  Devon ;  and  to  a  paper  by  Sir  Charles  Lemon,  Bart.,  on  the 
AgricuUtwral  Produce  of  Cornwall; — ^for  Wales  and  the  Border  counties, 
to  Murchison's  SfUurian  System ; — ^for  the  Midland  counties  of  Eneland, 
to  Morton  on  SoUs^  a  work  I  have  in  a  previous  note  recommended  to 
the  attention  of  the  reader;  for  Yorksnire,  to  a  paper  by  Sir  John 
Johnston,  Bart,  in  the  Journal  of  the  Rcyal  Agricultural  Society ; — and 
Ibr  the  Old  Red  Sand-stone  of  the  north  of  Scotland,  to  the  very  in- 
teresting little  work  of  Mr.  Miller  on  Tke  (M  Red  Sand-stone.  The 
reader  would  read  the  above  Section  with  much  greater  profit  if  he 
were  previously  to  possess  himself  of  Phillips'  (hUUne  Map  of  the 
Geology  of  the  British  Islands. 


LECTURE  XII. 

Composition  of  the  granitic  rocks  and  of  their  constituent  minerals — 
Cause  and  mode  of  their  de^ijadation — Soils  derired  from  them — 
Superficial  accumulations — their  influence  upon  the  character  of  the 
soils — Organic  constituents,  ultimate  chemical  constitution,  ani 
physical  properties  of  soils. 

It  has  been  stated  in  the  preceding  Lecture  (§  6,  p.  349), 
that  the  rocks  which  present  themselves  at  the  surface  of  the 
earth  are  of  two  kinds,  distinguished  by  the  terms  strafi/ied 
and  unsfratified.  The  former  crumble  away,  in  general,  more 
rapidly  than  the  latter,  and  form  a  variety  of  soils  of  which  the 
agricultural  characters  and  capabilities  have  t>een  shortly  ex- 
plained. The  unstratified  or  crystalline  rocks  form  soils  of  so 
peculiar  a  character  and  possessing  agricultural  capabilities 
in  general  so  different  from  those  of  the  stratified  rocks  which 
occur  in  the  same  neighbourhood ;  and  they,  besides,  cover 
so  large  and  hitherto  so  unfruitful  an  area  in  our  island,  as  to 
entitle  them  to  a  separate  and  somewhat  detailed  consideration. 

•    §  1. — Composition  of  the  GrtmiHc  Rocks, 

The  name  of  Granite  is  given  by  mineralogists  to  a  rock 
consisting  of  a  mixture  more  or  less  intimate  of  three  simple 
minerals — Quartz,  Mica^  and  Felspar,  When  Mica  is  want- 
ing, and  Hornblende  occurs  in  its  stead,  the  rock  is  distin- 
guished by  the  name  of  Syenite,  This  mineralogical  distinc- 
tion is  often  neglected  by  the  geologist,  who  describes  large 
tracts  of  country  as  covered  by  granitic  rocks,  though  there 
may  be  many  hills  or  mountains  of  syenite.  In  a  geological 
sense,  the  distinction  is  often  of  little  consequence  ;  in  rela- 
tion to  agriculture,  however,  the  distinction  between  a  granite 
and  a  syenite  is  of  considerable  importance. 

The  minerals  of  which  these  rocks  consist  are  mixed  to- 
gether in  very  variable  proportions.  Sometimes  the  quartz 
predominates,  »o  as  to  constitute  two-tbirds  or  three-fourths 
of  the  whole  rock,  sometimes  both  mica  and  quartz  are  present 
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in  such  small  quantity  as  to  form  what  is  then  called  a  felspar 
rock.  The  mica  rarely  exceeds  one-sixth  of  the  whole,  while 
the  hornblende  of  the  syenites  sometimes  forms  nearly  one- 
half  of  the  entire  rock.  These  differences  also  are  often  over- 
looked by  the  geologist — though  they  necessarily  produce 
important  differences  in  the  composition  and  agricultural 
characters  of  the  soils  derived  from  the  crystalline  rocks. 

A  few  other  minerals  occur  occasionally  among  the  granitic 
rocks,  in  sufficient  quantity  to  affect  the  composition  of  the 
soils  to  which  they  give  rise.  Among  these,  the  different 
varieties  of  tourmaline  are  in  many  places  abundant.  Thus 
the  schorl  rock  of  Cornwall,  consists  of  quartz  and  schorl 
(a  variety  of  tourmaline),  while  crystals  of  schorl  are  so 
frequently  found  in  the  granites  of  Devon,  Cornwall,  and 
the  Scilly  Isles,  as  to  be  considered  characteristic  of  a  very 
large  portion  of  them  (Dr.  Boase). 

These  rocks  decay  with  very  different  degrees  of  rapidity-— 
according  to  the  proportions  in  which  the  several  minerals  are 
present  in  them,  and  to  the  peculiar  state  of  hardness  or  ag- 
gregation in  which  they  happen  to  occur.  Both  the  mode  of 
their  decay,  however,  and  the  circumstances  under  which  it 
takes  place,  as  well  as  the  character  and  composition  of  the 
soils  formed  from  them,  are  materially  dependant  upon  the 
composition  of  the  several  minerals  of  which  the  rocks  consist. 
This  composition,  therefore,  it  will  be  necessary  to  exhibit. 

1^.  Quartz  has  already  been  described  (p.  808),  as  a  varie- 
ty of  silica — ^the  substance  of  flints,  and  of  siliceous  sands  and 
sand-stones.  In  granite,  it  often  occurs  in  the  form  of  rock 
crystal,  but  it  is  more  frequently  disseminated  in  small  parti- 
cles throughout  the  rocky  mass.  It  is  hard  enough  to  scratch 
glass. 

2^.  Felspar  is  generally  colourless,  but  is  not  unfrequent- 
ly  reddish  or  flesh-coloured.  On  the  cc^our  of  the  felspar 
they  contain,  that  of  the  granites  most  frequently  depends. 
Several  varieties  of  this  mineral  are  known  to  collectors. 
Besides  the  common  felspar,  however,  it  is  only  necessary 
to  specify  Albite^  which,  in  appearance,  closely  resembles 
felspar,  often  takes  its  place  in  granite  rocks,  and  in  chemi- 
cal  constitution  differs  from  it  only  in  containing  soda,  while 
the  common  felspar  contains  potash.    These  two  minerals 


876  FEL8PAB,  ALBITB,  AlTD  MICA. 

are  readily  distinguished  from  quartz  by  their  inferior  hard- 
ness.    They  do  not  scratch  glass,  and,  in  general,  may 
easily  be  scratched  by  the  point  of  a  knife. 
They  consist  respectively  of — 

Felspar.  Albite. 

Silica.     .     •     .     65*21  69*09 

Alumina.     .     .     18-13  19*22 

Potash     •••     16*66  — 

Soda  ....       —  11-69 


100*00  100-00 

It  is  to  be  observed,  however,  that  these  minerals  do  not 
generally  occur  in  nature  in  a  perfectly  pure  state — for  though 
they  do  not  essentially  contain  either  lime,  magnesia,  or  oxide 
of  iron,  they  are  seldom  found  without  a  small  admixture  of 
one  or  more  of  these  substances.  It  is  also  found  that  while 
pure  felspar  contains  only  potash,  and  pure  albite  only  soda, 
abundance  of  a  kind  of  intermediate  mineral  occurs  which 
contains  both  potash  and  soda.  Such  is  the  case  with  the 
felspars  of  the  Siebengcbirge,  on  the  right  bank  of  the 
Rhine  (Berthier),  and  with  those  contained  in  the  lavaa  of 
Vesuvius  and  the  adjacent  parts  of  Italy  (Abich). 

In  these  two  minerals  the  silica  is  combined  with  the  pot* 
ash,  soda,  and  alumina,  forming  certain  compounds  alreflidy 
described  under  the  name  of  ^icates  (p.  305). 

Felspar  consists  of  a  silicate  of  alumina  combined  with  a 
nlicate  of  poUuh*  Albite  of  the  same  silicate  of  alumina 
combined  with  a  eilicate  of  eoda* 

3^.  Mica  generally  occurs  disseminated  through  the  granite 
in  small  shining  scales  or  plates,  which,  when  extracted 
from  the  rock,  split  readily  into  numerous  inconceivably 
thin  layers.  It  sometimes  occurs  also  in  large  masses,  and 
is  of  various  colours — ^white,  grey,  brown,  greeUi  and  black. 
It  is  soft  and  readily  cut  with  a  knife..  The  thin  shining 
particles  that  occur  in  many  sand-stones,  and  especially  be> 
tween  the  partings  of  the  beds,  and  give  them  what  is  called 
a  micaceous  character,  are  only  more  or  less  weathered  por- 
tions of  this  mineral. 

Mica  also  consists  of  silicates,  though  its  constitution  is  not 
always  so  simple  as  that  of  felspar.    In  some  varieties  mag* 
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18  preoBBt,  whilst  in  otiieia  it  is  almost  wholly  wasting, 

aa  is  shewn  by  the  following  composition  of  two  specimens 

from  different  localities. 

Potash.  Mnprniui, 

Mica.  Mica. 


Silica  •  •  •  • 
Alumina.  •  •  • 
Pk'ot.Ozide  of  Iron 
Magnesia  •  .  . 
Potash  •  •  .  . 
Oxide  of  Manganese 
Fluoric  Acid  .  • 
Water    .... 


46*10  40-00 

81-60  12-67 

8*65  19-08 

—  15-70 

8-39  5-61 

1-40  0-68 

1-12  2-10 
1-00  Titanic  Acid  1-68 


98-26  97-87 

If  we  neglect  the  three  last  substances  which  are  present 
only  in  small  quantities,  and  recollect  that  the  silica  is  in 
combination  with  all  the  other  substances  which  stand  be- 
neath it,  we  see  that  these  varieties  of  mica  consist  of  a 
silicate  of  alumina,  combined  in  the  one  with  silicate  of  iron 
and  silicate  of  potash^  and  in  the  other  with  silicate  yf  irom 
and  sUicale  of  magnesia. 

4^.  Hornblende  occurs  of  various  colours,  but  that  which 
forms  a  constituent  of  the  syenites  and  of  the  basalts  is  of  a 
dark  green  or  brownish  black  colour,  is  often  in  regular  crys- 
tals, and  is  readily  distinguished  from  quartz  and  felspar 
by  its  colour,  and  from  black  mica  by  not  splitting  into  thin 
layers,  when  heated  in  the  flame  of  a  candle.  It  consists 
of  silicates  of  alumina,  lime,  magnesia,  and  oxide  of  iron, 
or  per  cent,  of-— 

Basaltic  Syenitic 

Hornblende.  Hornblende. 

Silica 42*24  45-69 

Alumina    ....     18*92  12*18 

Lime 12*24  18*88 

Magnesia  ....     13*74  18*79 

Prot-Oxide  of  Iron  .     14*59  7-82 

Oxide  of  Manganese       0*88  0-22 

Fluoric  Acid  ...        —  1*50 


97-06  99-58 

PAKT  n. — 83 
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A  comparison  of  these  two  analyses  diows  that  the  propor* 
tions  of  magnesia  and  oxide  of  iron  sometimes  vary  consider* 
ably,  yet  that  the  hornblendes  still  maintain  the  same  general 
composition.  They  are  remarkably  distinguished  from  fel- 
spar by  the  ioUd  absence  of  potash  arid  sodoy  and  by  conUnnmg 
a  large  proportion  of  lime  and  magnesia*  From  the  potash- 
mica  they  are  distinguished  by  the  same  chemical  differencesy 
and  from  the  magnesian  mica  by  containing  lime  to  the  amount 
of  I'th  part  of  their  whole  weight.  Such  differences  must 
materially  affect  the  constitution  and  agricultural  capabilities 
of  the  soils  formed  from  these  several  minerals,  and  they 
show  the  correctness  of  what  I  have  previously  stated  to 
you — that  miueralogical  differences  in  rocks  which  may  be 
neglected  by  the  geologist,  may  be  of  great  importance  in 
explaining  the  appearances  that  present  themselves  to  the 
philosophical  agriculturist. 

4°.  Schorl  usually  occurs  in  the  form  of  long  black  needles 
or  prisms  disseminated  through  the  granitic  rock,  and  gene- 
rally (in  Cornwall)  at  the  outskirts  of  the  granite,  where  it 
comes  into  contact  with  the  slate  rocks  that  surround  it  (De 
La  Beche).  It  consists  of  a  silicate  of  alumina  in  combina- 
tion with  silicates  of  iron  and  of  soda  or  magnesia.  Two 
varieties  gave  by  analysis — 

Schorl  Touimaline 

firom  Devonshire.  from  Sweden. 

Silica, 35*20  37*65 

Alumina,    ....  35*50  33*46 

Magnetic  Oxide  of  Iron,  17*86  9*38 

Magnesia,  ....  0*70  10*98 

Boracic  Acid, .     •     .  4*11  3*83 

Soda, 2*09  Soda  &  Potash,  2*53 

Lime, 0*55  0*25 

Oxide  of  Manganese,  0*43  — 

96*44  98*08 

This  mineral,  according  to  these  analyses,  is  characterised 
by  containing  from  |  to  ^  of  its  weight  of  magnetic  oxide  of 
iron,*  and  sometimes  -j|^  of  magnesia.     The  presence  of  Bo- 

•  This  oxide  is  composed  of  the  Jint  and  ucond  oxides  of  iron  de- 
scribed in  p.  311. 
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racic  acid*  is  also  a  remarkable  character  of  this  mineral, 
but  as  neither  the  presence  of  this  substance  in  any  soil,  nor 
its  effect  upon  vegetation,  have  hitherto  been  observed,  we 
can  form  no  opinion  in  regard  to  its  importance  in  an  agri- 
cultural point  of  view. 

§  2*  Of  the  degradation  of  the  ChranUic  rodb,  and  of 

the  Boils  formed  from  them. 

The  granites,  in  general,  are  hard  and  durable  rocks,  and 
but  little  affected  by  the  weather.  The  quartz  they  contain 
is  scarcely  acted  upon  at  all  by  atmospheric  agents,  and  in 
very  many  cases  the  felspar,  mica,  and  hornblende  yield  with 
extreme  slowness  to  their  degrading  power.  It  is  chiefly  to 
the  chemical  decomposition  of  the  felspar  that  the  wearing 
away  of  granite  rocks  is  due,  and  the  formation  of  a  soil  from 
their  crumbhng  substance. 

It  has  been  stated  that  the  felspars  consist  of  a  silicate  of 
alumina  in  combination  with  silicates  of  potash  or  of  soda. 
Now  these  latter  silicates  are  slowly  decomposed  by  the  car- 
bonic acid  of  the  air  (see  p.  805),  which  combines  with  the 
potash  and  soda,  and  forms  carbonates  of  these  alcalies* 
These  carbonates  are  very  soluble  in  water,  and  are,  thereforp| 
washed  away  by  the  first  shower  of  rain  that  falls.  The 
insoluble  silica  and  the  silicate  of  alumina  are  either  left  be- 
hind or  are  more  slowly  carried  away  by  the  rains  in  the 
form  of  a  fine  powder  (a  fine  porcelain  clay),  and  deposited 
in  the  valleys  or  borne  into  the  rivers  and  lakes, — while  the 
particles  of  quartz  and  mica,  having  lost  their  cement  of  fel- 
spar, fall  asunder,  and  form  a  more  or  less  siliceous  sand. 

Granite  soils,  therefore,  on  all  hanging  grounds^-^^on  the 
sides  and  slopes  of  hills,  that  is — are  poor  and  sandy,  rarely 
containing  a  sufficient  admixture  of  clay  to  enable  them  to 
support  crops  of  corn — ^while  at  the  bottoms  of  the  hills, 
whether  on  flat  or  hollow  grounds,  they  are  composed,  in 

*  Boracic  acid  occurs  in  combination  with  soda  In  the  oommoii* 
borax  of  the  shops.  It  combines  with  soda,  potash,  lime,  6cc ,  an4 
forms  Apfotei.  In  the  schorl  it  probably  exists  iu  sach  a  state  of  combi* 
nation. 
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great  measure,  of  the  fine  clay  which  has  resulted  ftooi 
the  gradual  decomposition  of  the  felspar. 

This  clay  consists  chiefly  of  the  silicate  of  alumina  con- 
tained  naturally  in  the  felspar — it  difiers  little,  in  short,  from 
that  which  has  already  been  described  (p.  341),  under  the 
Dame  of  pure  or  pipe  clay,  which  is  too  stiff  and  intractaUe 
to  be  readily  converted  into  a  prolific  soil. 

It  will  readily  be  understood  how  such  soils — decomposed 
felspar  soils — must  generally  contain  a  considerable  quantity 
of  potash  from  the  presence  of  minute  particles  of  silicate  of 
potash  still  undecom posed ;  and  it  will  be  as  readily  seen  that 
they  can  contain  little  or  no  lime,  since  neither  in  felspar 
nor  in  mica  has  more  than  a  trace  of  this  earth  been  hith« 
erto  met  with. 

We  have  seen,  however,  that  hornblende  contains  from  ^th 
to  }th  of  its  weight  of  lime,  and  as  the  same  carbonic  acid  of 
the  atmosphere  which   decomposes  the  felspar,  decomposes 
the  silicates  of  the  hornblende  also,  it  is  clear  that  soils  which 
are  derived  from  the  degradation  of  syenitic  rocks,  especially  if 
the  proportion  of  hornblende  present  in  them  be  large,  will 
contain  lime  as  well  as  clay  and  silica.     Thus  consisting  of 
a  greater  number  of  the  elements  of  a  fertile  soil,  they  will  be 
inore  easily  rendered  fruitful  also — ^must  naturally  be  more 
fruitful — than  those  which  are  formed  from  the  granites,  cor- 
rectly so  called.     It  is  to  the  presence  of  this  lime  that  the 
superior  fertility  of  the  soils  derived  from  the  hornblende 
slates  of  Cornwall,  already  adverted  to  (p.  d71),  is  mainly 
to  be   ascribed. 

Schorlj  as  above  stated,  contains  much  oxide  of  iron,  and 
sometimes  five  or  six  per  cent,  of  magnesia.  It  decomposes 
slowly,  will  give  the  soil  a  red  colour,  and  though  it  contain 
only  a  trace  of  lime,  yet  the  admixture  of  its  constituents 
with  those  of  the  felspar  tnay  possibly  ameliorate  the  quality 
of  a  soil  formed  from  the  decay  of  the  felspar  alone. 

It  thus  appears  that  a  knowledge  of  the  constitution  of  the 
minerals  of  which  the  granites  are  composed,  and  of  the  pro- 
portions in  which  these  minerals  are  mixed  together  in  any  lo- 
cality, clearly  indicates  what  the  nature  of  the  soils  fbnned 
irom  them  must  be— an  indication  which  perfectly  accords 
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with  obsenratioii*  The  same  knowledge,  aboi  showing  that 
aach  soils  never  have  contained,  and  never  can,  naturally,  in* 
dade  more  than  a  trace  of  lime,  will  satisfy  the  improver,  who 
believes  the  presence  of  lime  to  be  almost  necessary  in  a  fer- 
tile soil,  as  to  the  first  step  to  be  taken  in  endeavouring  to  res- 
cue a  granitic  soil  from  a  state  of  nature— will  explain  to  him 
the  reason  why  the  use  of  lime  and  of  shell  sand  on  such  soilsi 
should  so  long  have  been  practised  with  the  best  effects,—- 
and  will  encourage  him  to  persevere  in  a  course  of  treat- 
ment which,  while  suggested  by  theory,  is  confirmed  also 
by  practice. 

Extent  of  granUic  rocks  in  Great  Britain  and  Irdand.^^ 
In  England,  the  only  extensive  tracts  of  granite  occur  in 
Cornwall  and  Devon,  presenting  themselves  here  and  there 
in  isolated  patches  from  the  Scilly  Isles  and  the  Land's  End 
to  Dartmoor  in  South  Devon.  In  the  latter  locality,  the 
granite  rocks  cover  an  area  of  about  400  square  iniles. 
Proceeding  northward,  various  small  out^hurtU*  of  granite 
appear  in  the  Isle  of  Anglesey,  in  Westmoreland,  and  in 
Cumberland,  and  north  of  the  Solway,  in  Kirkcudbright,  it 
extends  over  150  or  200  square  miles;— 4>ut  it  is  at  the 
Grampian  Hills  that  these  rocks  begin  to  be  most  exten- 
sively developed*  With  the  exception,  indeed,  of  the 
patches  of  old  red  sandstone  already  noticed,  nearly  the 
whole  of  Scotland,  north  of  the  Grampians— -and  of  the 
western  islands,  excluding  Sky  and  MuU,  consists  of  gran- 
itic rocks. 

In  Ireland,  a  range  of  granite  (the  Wicklow)  mountains 
runs  south  by  west  from  Dublin  to  near  New  Ross — ^the 
same  rock  forms  a  considerable  portion  of  the  monntainous 
districts  in  the  north-west  of  Donegal,  and  in  the  south  of 
Galway— covers  a  less  extensive  area  in  Armagh,  and  pre- 
sents itself  in  the  form  of  an  isolated  patch  in  the  coun^  of 
Cavan. 

SoiUofihe  granUic  rocib.-^From  what  has  been  already 

*  This  exprenion  is  in  some  measure  theoretical,  and  implies — what 
is  the  generally  received  opinion — that  the  granite  rocks  were  forced  up 
from  Mneath  in  a  fluid  state.  like  the  lavas  of  existing  volcanoes — that 
they,  as  well  as  the  trap  rocks,  are,  in  short,  only  lavas  of  a  more  an- 
eient  date  (see  p.  349). 

33* 
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ftteted  in  regard  to  the  compesitioii  of  granite,  it  ia  clear 
from  theory  that  no  generally  untfonn  qiiality  of  aoil  can  be 
expected  to  result  from  its  decompoattiony  and  this  dedoe* 
tion  is  confirmed  by  practical  observation*  Where  qnarta 
is  more  abundant,  or  where  the  clay  is  washed  out,  the  aoil 
is  poor,  hungry,  and  unfruitful— «uch,  generally,  is  its  cha* 
racter  on  the  more  exposed  slopes  of  the  hills  in  the  Weat* 
ern  Isles,*  and  in  the  north  of  Scotland.  In  the  h<^owB 
and  levels,  where  natural  drainage  exists,  stiff  clay  soils 
prevail,  which  are  often  cold  and  unfruitful,  but  are  capable 
of  amelioration  where  the  depth  of  earth  is  sufficient,  by 
draining  and  abundant  limeing  or  marling.  Where  there  is 
no  natural  drainage,  vegetable  matter  accumulates,  as  we 
have  seen  to  be  the  case  on  the  surface  of  all  impervious 
rocks*— and  bogs  are  fcHrmed.  In  the  north  of  Scotland,  and 
in  Ireland,  and  in  the  high  lands  in  Dartmoor  (Devon), 
these  are  everywhere  seen  in  such  localities,  and  it  is  said 
that  two-thirds  of  the  Hebrides  are  covered  with  peat  bogs 
more  or  less  reclaimable. 

In  Cornwall  and  Devon,  the  granitic  soils  (growan  soib  as 
they  are  there  called)  are  observed  to  be  more  productive^ 
as  the  hills  diminish  in  height.  Thus  Dartmoor  is  covered 
only  with  heath,  coarse  grass,  and  peat ;  while  in  the  Scilly 
Isles  the  groMran  land  produces  good  crops  of  wheat,  potatoes^ 
barley,  and  grass;  and  the  same  is  observed  at  Moreton 
Hampstead,  in  Devon,  where  tolerable  crops  of  barley  are 
grown,  and  potatoes,  which  are  highly  esteemed  in  the  Ex* 
eter  market  (De  La  Beche).  No  doubt  the  climate  has 
something  to  do  with  these  differences ;  but  the  less  the  eleva* 
tion,  and  the  consequent  washing  of  the  rains,  the  more  of 
the  clay  will  remain  mixed  with  the  siliceous  sand ;  while  in 
aid  of  both  these  causes,  a  small  difference  in  the  composi* 
tion  of  its  constituent  minerals,  often  not  to  be  detected 
by  the  eye,  may  materially  affect  the  character  of  the 
granitic  soils. 

According  to  Dr.  Paris,  the  presence  of  much  mica  dete. 
riorates  these  soils  ;  while  that  which  is  formed  at  the  edges 
of  the  granite,  when  it  comes  in  contact  with  the  slate  rodcs, 

*  Macdonald's  AgricuUurai  Survey  of  the  EUridtSf  p.  96L 


If  of  a  more  ferttte  quality*  The  latter  remark,  howerer, 
does  Bot  oniyerBaUy  apply r-eep«ciaUy  where  the  granitei 
as  at  the  edges  of  Dartmoor,  contains  much  schorl,  (De  La 
Beche)-*-aDd  the  presence  of  mica,  in  the  richest  soili  of 
the  red  marl,  would  seem  to  imply  that  this  mineral  is  fitted 
materially  to  promote  the  fertility  of  a  soil  in  which  the 
other  earthy  ingredients  are  properly  adjusted. 

The  more  elevated  and  thin  granitic  soils  are  said  to  he 
fitted  for  the  growth  of  larch ;  the  lower  and  deeper  soils, 
which  admit  of  the  use  of  the  plough,  have  been  found  to 
yield  a  three*foid  return  of  cwn  by  the  use  of  lime  alone. 

^  A»  Cf  the  Trap  rockSf  and  the  soils  farmed  from  them^ 

Of  the  trap  rocks  there  are  several  varieties,  of  which  the 
most  important  are  distinguished  by  the  names  of  Green- 
sfone,  BasaUy  and  Serpentine. 

The  Green^stones  consist  of  a  mixture  more  or  less  inti. 
mate  of  felspar  and  hornblende,  or  of  felspar  and  augUe. 
They  are  distinguished  from  the  granites  by  the  absence  of 
mica  and  quartz,  and  by  the  presence  of  the  hornblende  or 
aogtte,  often  in  equal,  and  not  unfrequently  in  greater 
quantity  than  the  felspar.  In  the  granites,  the  felspar  and 
quartz  together  generally  fom  upwards  of  -f^  of  the  whole 


Augiie  w  a  mineral  having  much  resemUance  to  horn* 
Uendes  and  like  it  occurring  of  various  colours.  In  the  trap 
looks  it  is  usually  of  a  dark  green  approaching  to  black.  It 
generally  contains  much  lime  and  oxide  of  iron  in  the  state 
of  silicates.  The  composition  of  two  varieties  compared 
with  that  of  haedlHe  hornblende  is  as  follows :— * 

Black  Acutte     Aofito  from  the        BiMltlo 
flnMnSwedmi.    kva  of  VegaTioi.    Honblendtr 

Silica 58*86  60*90  42-24 

Lime 22-19  22-96  12-24 

Magnesia 4-99  14-43  13-74 

Prot.Oxide  of  Iron   .     •  17-38  6-25  14-59 

Prot-Ozide  of  Manganese    0-09  —  0-88 

Alumina —  5-87  18-92 

96-01  99.91  97-06 
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The  predominance  of  this  mineml  (augite)  or  of  hon* 
blende  in  the  green*stone  rocks  most  necessarily  canse  a 
▼ery  material  difference  in  the  nature  of  the  s(m1s  produced 
from  their  decay,  compared  with  those  which  are  fwnied 
frmn  the  granitic  rocks  in  which  the  felspars  are  the  pre- 
dominating mineral  ingredient, 

2®.  BaaaU  consists  of  a  mixtare,  in  yariable  proportioiis^ 
of  angite,  magnetic  oxide  of  iron,  and  xeolUe,*  It  differs  in 
i^pearance  f^m  green-stone,  chiefly  by  the  darkness  of  its 
colour,  and  by  the  minuteness  of  the  particles  of  which  it 
is  composed,  which,  in  general,  cannot  be  distinguished  by 
the  naked  eye. 

Zeolite  is  a  generic  term  applied  to  a  great  numbo'  of 
mineral  species  which  occur  in  the  basalts,  and  often  inter- 
mixed with  the  green-stone  rocks.     TAey  d»fer  from  fd- 
wpar  tn  ihexr  greater  schMliiy  tn  addSf  and  hy  generdUif 
containing  Ume^  where  the  latter  eontahu  poUuh  or  soda* 

It  may  be  stated,  indeed,  as  the  most  important  agri- 
cultural distinction,  between  the  granitic  and  the  truef  trap 
rocks,  that  the  latter  abound  in  lime,  while  in  the  former, 
it  is  often  entirely  absent.  If  in  a  green-stone  only  one- 
fourth  of  its  weight  consist  of  augite,  every  20  tons  of  the 
rock  may  contain  one  ton  of  lime.  If  in  a  basalt  the 
augite  and  zeolite  amount  to  only  two-thirds  of  its  weight, 
every  nine  tons  may  contain  a  ton  of  lime.  The  practical 
farmer  cannot  fiul  to  conclude  that  a  soil  formed  from  such 
rocks  must  possess  very  different  agricultural  capabilities 
from  the  soils  we  have  already  described  as  being  formed 
from  the  decomposition  of  the  granites* 

8°.  Serpentine  is  a  greenish  yellow  mineral,  consisting  of 
silica  in  combination  with  magnesia  and  a  little  iron,  and 
occanonaUy  a  few  pounds  in  the  hundred  of  lime  or  alumina. 

*  "  With  or  wHumt  felspar."  In  addition  to  aufiite,  magnetic  iron, 
and  zeolite^  many  basalta  oontiiin  also  a  conaiaerable  portion  of 
certain  wartetiet  of  felspar,  especially  of  one  to  which  the  name  of 
mtpkdini  has  been  given. 

t  Serpentine  is  not  generally  included  amons  the  true  trap  xocka: 
it  is  included  among  mem  here  as  it  often  is  by  geoloeista,  becanaa 
in  many  places,  as  at  the  Lizard,  it  pccors  along  with  true  gran- 
stone. 
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Tho  diatiiiguishiog  ingredient  10  the  magnesiat  which  gene^ 
rally  approaches  to  40  per  cent,  of  the  whole  weight  of  the 
mineraL  Rocks  of  serpentine  are  generally  mixed  with 
magnetic  iron  ore,  and  with  portions  of  other  minerals  in 
greater  or  less  abundance. 

Extent  of  the  trap  rocks  in  the  British  Isles, — The  ser* 
pontine  rock  occurs  to  any  extent  only  in  Cornwall,  about 
the  Lizard  Point,  where  it  covers  an  area  of  50  square 
miles.  The  green-stones  and  basalts  are  only  met  with 
here  and  there  in  small  patches,  until  we  get  so  far  north  as 
the  Cheviot  Hills,  which  consist  of  these  and  other  varieties 
of  trap.  It  is  in  the  low  country  of  Scotland,  however,  in- 
termixed with  and  surrounding  the  great  coal  district  of 
that  part  of  the  island,  that  the  greatest  breadth  of  trap  is 
seen.  It  there  stretches  across  the  island  in  a  south-west 
direction,  and  in  detached  masses,  from  the  Friths  of  Tay 
and  Forth  to  the  island  of  Arran,  covering  an  area  of  800 
or  1000  square  miles.  In  the  prolongation  of  the  same 
line  it  re>appears  in  the  north-east  of  Ireland,  and  extends 
over  the  whole  of  the  county  of  Antrim  and  a  small  part  of 
Londonderry  and  Armagh.  In  the  most  northerly  portion 
of  this  tract  the  well-known  columnar  basalt  of  the  Giants* 
Causeway  occurs.  On  the  west  coast  of  Scotland  the  trap 
rocks  cover  nearly  the  whole  of  the  islands  of  Mull  and  of 
Skye-— to  the  west  of  the  former  of  which  islands  lies  Stafia 
with  its  celebrated  basaltic  caves. 

Soil  of  the  trap  rocA».— <The  soil  of  the  serpentine  rocks 
at  the  Lizard  \s  far  from  fertile,  retaining  the  water  and  thus 
forming  swamps  and  marshes.  Even  where  a  natural  drain- 
age exists  it  rarely  produces  good  grass,  or  average  crops  of 
corn.  It  is  remarkable  for  growing  a  peculiar,  very  beau- 
tiful  heath—erica  vogaiw—- which  so  strictly  limits  itself  to 
the  serpentine  soil  as  distinctly  to  mark  the  boundary  by 
which  the  serpentine  is  separated  from  other  rocks  (De  La 
Beche).  From  the  composition  of  serpentine  we  might  be 
led  to  sappoee  that  the  comparative  barrenness  of  the  soils 
formed  from  it  is  due  to  the  large  quantity  of  magnesia 
which  this  mineral  contains ;  and  this  may,  in  some  cases» 
be  partly  the  cause.    It  would  appear*  howeveri  that  theao 
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BoUa  often  contain  very  little  magnesia,  the  long  action  of 
the  rains  and  of  other  agents  having  almost  entirely  re- 
moved it  (see  p.  808),  and  yet  they  still  retain  their  barren- 
ness. But  they  contain  no  lime,  and,  therefore,  after 
draining,  the  first  great  step  to  take  in  order  to  improve  such 
soils,  is  to  give  them  a  good  dose  of  lime.  How  this  step  is 
to  be  followed  np  will  depend  upon  the  effect  which  this 
treatment  is  found  to  produce. 

The  soil  of  the  green-stones  is  generally  fertile,  and  it  is 
more  so  in  proportion  as  the  hornblende  or  augtte  predomi- 
nates—that is,  generally,  in  proportion  to  the  darkness  of 
its  colour. 

In  Cornwall  and  South  Devon,  where  scattered  masses 
of  trap  occur,  consisting  chiefly  of  hornblende  and  felspar, 
they  *'  afford  the  most  fertile  soils  of  any  irkthe  district  when 
their  decomposition  has  taken  place  to  a  sufficient  depth'' 
(De  La  Beche).  Wherever  the  trap  rocks  (locally  dun* 
stones)  are  observed  at  the  surface,  ^  it  is  deemed  a  fortu- 
nate circumstance,  being  a  certain  indication  of  the  fertility 
of  the  incumbent  soib."*  The  superior  fertility  of  the 
neighbourhood  of  Penzance  is  owing  to  the  presence  of 
these  rocks  (Dr.  Paris),  and  where  their  detritus  has  been 
mixed  with  that  of  other  rocks — as  with  the  worthless 
granite  soils — ^it  ameliorates  and  improves  their  quality. 

The  same  general  character  is  exhibited  by  the  trappean 
soils  of  other  districts  of  the  island.  The  height  of  the  Che- 
viot Hills  renders  the  climate  in  many  places  unfavourable  to 
arable  culture,  yet  they  produce  the  sweetest  pasture,f  while 
the  low  country  around  them  has  been  largely  benefitted  by 

•  Worgan's  View  of  the  AgriatUure  of  ComwaU,  p.  10. 

t  It  is  a  aingular  hci  observed  here  and  there  among  the  Cheiiol 
Hills  on  the  border,  that  where  sheep  are  folded  or  pastured  on  hills 
of  trap  which  are  covered  with  delicate  herbage,  they  are  attacked  by 
what  is  locaUv  called  the  pmiMr  ill, — ^they  pine  away,  become  indolNit, 
and  are  unwilling  to  move.  The  cure  is  to  drive  them  to  a  neidi- 
bourinff  sandsUnu  pastwrt,  where  they  become  again  active,  and  be- 
gin to  uiive.  The  fining  hills  on  each  fiurm  are  well  known,  and  tha 
tenant  has  no  hesitation  in  pointing  to  this  and  to  that  hill  as  those  on 
whieh  the  sheep  are  sure  to  pine,  ii  kept  upon  them  only. 
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admixtare  with  their  cnimbling  fragments.  The  whole  of 
that  lowland  tract  of  Scotland,  over  which  these  rocks  ex- 
tend— comprehending  the  counties  of  Ayr,  Renfrew,  Lan- 
ark, Linlithgow,  Fife,  and  portions  of  Perth,  Stirling,  Edin- 
burgh, and  Haddington,— exhibit  the  fertile  or  fertilizing 
character  of  the  decomposing  greenstone.  In  Cornwall  it 
is  dug  up  as  a  marl  and  applied  to  the  land,  and  in  the  neigh- 
bourhood of  Haddington  I  have  seen  a  farming  tenant 
(a  leaseholder)  removing  twelve  inches  of  trap  soil  from  the 
entire  surfiu^e  of  a  field,  for  the  purpose  of  spreading  a  layer 
of  an  inch  in  depth  over  twelve  times  the  area  in  another 
part  of  his  'fiurm.  There  can  be  no  doubt  that  this  mode 
of  improvement  is  within  the  reach  of  many  proprietors 
and  farmers— especially  along  the  southern  borders  of 
Perthshire  and  near  the  more  elevated  parts  of  Ayr  and 
Lanark. 

To  the  north  of  Ireland,  and  to  the  Western  Islands,  the 
above  remarks,  with  slight  modifications,  arising  from  local 
causes,  will  also  apply.  For  example,  where  the  surface 
is  flat,  and  the  rock  impervious,  water  will  collect  and  heaths 
and  bogs  will  be  produced,  which  only  draining  can  remove. 
They  apply  also  to  other  countries  where  trap  rocks  abound 
— >the  only  fertile  tracts  of  Abyssinia,  for  instance,  being 
found  in  vallies  and  on.  mountain  slopes,  where  the  soil  is 
composed  of  the  detritus  of  trappean  rocks  (Dr.  Riip- 
pell). 

Yet  there  are  exceptions  to  this  general  rule. 

Where  the  felspar  is  largely  predominant,  the  soil  formed 
from  the  rock  will  partake  more  or  less  of  the  cold  and  bar- 
ren character  of  the  stifier  granitic  soils.  Such  appears  to 
be  the  case  with  some  of  the  traps  which  occur  in  the  bor- 
der counties  of  England  and  Wales  (Murchison). 

In  the  Isle  of  Skye,  again,  a  local  peculiarity  of  a  differ- 
ent kind  obtains,  the  effect  of  which  upon  the  soil  is  also 
to  render  it  poor  and  unproductive.  In  that  island  the 
singularly  beautiful  ridge  of  the  CuchuUen  Hills  consists  of 
a  variety  of  trap  in  which  the  augite  so  far  predominates 
as  to  form  nearly  the  whole  of  the  mountain  masses.  But 
the  augite  in  this  case  is  a  variety  to  which  the  name  of 
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hypersthene  has  been  given,  and  which  contains  mach  mag- 
nesia and  oxide  of  iron,  but  wearedy  a  trace  of  either  Ume 
or  alumina^  The  rock  is  very  hard,  and  decays  with  extreme 
slowness ;  yet  however  rapid  its  decay  might  be,  it  could  never 
produce  a  fertile  soil.  We  have  seen  that  the  serpentine 
and  granite  soils  are  essentially  deficient  in  lime,  bat  a 
hypersthene  soil  is  in  want  both  of  lime  and  of  clay.  It 
would  be  still  more  difficult,  therefore,  to  render  the  latter 
productive— even  supposing,  as  in  the  case  of  the  serpen- 
tine  soils,  that  the  magnesia  of  the  hypersthene*  w^e 
mostly  washed  away  by  the  rains. 

Thus  we  perceive  how  exactly  the  study  of  the  compo- 
sition of  the  different  varieties  of  the  trap  rocks  explains 
the  observed  differences  in  the  quality  of  the  soils  derived 
from  them.  When  the  minerals  they  contain  abound  in 
lime,  the  soils  they  yield  are  fertile — ^when  those  minerals 
predominate  in  which  lime  is  wantine,  the  soils  are  inferior, 
sometimes  scarcely  capable  of  cultivation.  Again,  the 
granites  abound  in  potash ;  but  except  in  the  syenites  they 
rarely  contain  lime,  and  their  soils  are  generally  poor.  Let 
them  be  mixed  with  the  trap  soils,  and  they  are  enriched. 
This  would  seem  fairly  and  clearly  to  imply  that  the  fertility 
of  the  one  is  mainly  due  to  the  presence  of  lime,  and  the 
barrenness  of  the  other  to  the  absence  of  this  earth. 

On  this  subject  I  will  only  further  add,  that  the  more  mo- 
dern volcanic  lavas  which  overspread  Italy,  Sicily,  parts  of 
France,  Spain,  and  Germany,  are  closely  related  to  the  trap 
rocks  in  their  general  composition — ^and  the  fertility  which 
overspreads  thousands  of  square  miles  of  decomposed  lava 
streams  and  ejections  of  volcanic  ashes  in  Italy  and  Sicily, 
is  too  well  known  to  require  any  detaUed  description. 

*  The  hypersthene  of  Skye  has  been  found  to  consist  of— 


Silica,  ....  51*35 
Lime,  ....  1-84 
Magnesia,  .    .    .    11*09 


Prot-oxideof  Iron, .    .    33*93 
Water, 0.50 


98-70 

The  composition  probably  varies  in  different  parts  of  the  rock,  some 
containing  more  magnesia  and  less  iron  than  is  here  representeo. 
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§  5.  O^  superficial  accumulations  (f  foreign  nuiterialsj  and 
of  the  means  by  which  they  have  been  transported. 

Abundant  proof,  I  think,  has  now  been  advanced  that  a 
close  relation  generally  exists  between  the  soil  and  the  rocks 
on  which  it  rests,  and  that  the  geological  structure  of  a 
country,  as  well  as  the  chemical  constitution  of  the  mine* 
rals  of  which  its  several  rocky  masses  consist,  have  a  pri- 
mary and  fundamental  influence  upon  the  agricultural 
capabilities  of  its  surface. 

And  yet  I  should  be  leading  you  into  a  serious  error, 
were  I  to  permit  you  to  suppose  that  this  intimate  and  di« 
rect  relation  is  always  to  be  observed — that  in  whatever  dis- 
trict you  may  happen  to  be,  you  will  find  the  soil  taking  its 
general  character  from  the  subjacent  rocks — and  that  where 
the  same  rocks  occur,  similar  soils  are  always  to  be  expected. 
On  the  contrary,  in  very  many  localities  the  soil  is  totally 
diflerent  from  that  which  would  be  produced  by  the  degra- 
dation or  decomposition  of  the  rocks  on  which  it  rests.  To 
infer,  therefore,  or  to  predict,  that  on  a  given  spot,  where, 
according  to  the  geological  map,  red  sand-stone  for  example 
prevails,  a  marly  or  other  red  sand-stone  soil  will  necessarily 
be  found — or  that  where  the  coal  measures  are  observed, 
poor,  ungrateful  land  must  exist — would  be  to  form  or  to 
state  opinions  which  a  visit  to  the  several  localities  would  in 
many  instances  show  to  be  completely  erroneous — and  which 
would  bring  undeserved  discredit  upon  geological  science. 

In  such  cases  as  these  geology  is  not  at  fault.  New  con- 
ditions only  have  supervened  which  render  the  natural  re- 
lation between  soils  and  rocks  in  those  places  less  simple, 
and  consequently  more  obscure.  Yet  a  further  study  of 
geological  phenomena  removes  the  obscurity— shows  to 
what  cause  it  is  owing  that  in  many  districts  the  soil  is  such 
as  could  never  have  been  formed  from  the  subjacent  rocks 
—again  places  the  enlightened  agriculturist  in  a  condition 
to  pronounce  generally  from  what  rocks  his  soils  have  been 
derived — generally  also  what  their  agricultural  capabilities 
are  likely  to  be,  and  by  what  mode  of  treatment  those  ca« 
pabilities  may  be  most  fully  developed. 

PABT   II* — 84 
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Of  the  surface  of  Great  Britain  and  Ireland  it  may  in- 
deed be  truly  said,  that  it  exhibits  extensive  tracts  in  which 
the  character  of  the  soil  is  directly  influenced  by,  and  may 
be  inferred  from,  the  character  and  composition  of  the  sub- 
jacent rock.  To  these  districts  the  rules  and  observations 
contained  in  the  preceding  sections  directly  and  clearly  ap- 
ply. But  other  extensive  tracts  also  occur  in  which  the 
character  of  the  soil  is  independent  of  that  of  the  rocks  on 
which  it  immediately  rests — ^the  cause  of  this  apparent  diffi- 
culty we  are  now  to  consider. 

1®.  I  have  already  had  occasion  to  explain  to  you  in  what 
way  all  rocks  crumble  more  or  less  rapidly,  and  give  origin 
to  soils  of  various  kinds.  Were  the  surfaces  of  rocks  uni- 
formly level,  and  that  of  every  country  flat,  the  crumbled 
materials  would  generally  remain  on  the  spots  where  they 
were  formed.  But  as  already  shown  in  the  diagrams,  in- 
serted in  pages  850  and  851,  the  rocks  rarely  lie  in  a  hori- 
Bontal  position,  but  rest  almost  always  more  or  less  on  their 
edges,  and  the  surface  in  such  a  country  as  ours  is  often 
mountainous  or  hilly,  and  everywhere  undulating.  Hence 
the  rains  are  continually  washing  off*  the  finer  particles 
from  the  higher,  and  bearing  them  to  the  lower  grounds — 
and  on  occasions  of  great  floods,  vast  quantities  even  of 
heavy  materials  are  borne  to  great  distances,  and  spread 
sometimes  to  a  great  depth  and  over  a  great  extent  of  coun- 
try.* Thus  the  spoils  of  one  rocky  formation  are  borne 
from  their  native  seat  and  are  strt  wed  over  the  surface  of 
other  kinds  of  rock  of  a  totally  different  character.  The 
fragments  of  the  granite,  gneiss,  and  slate  rocks  of  the  high 
lands  are  scattered  over  the  old  red  sand-stones  which  lie  at 
a  lower  level — and  those  of  the  blue  lime-stone  mountains 
over  the  mill-stone  grits,  the  coal  measures,  and  the  new  red 
sand-stones,  which  stretch  away  from  their  feet. 

2^.  But  the  effects  produced  by  this  natural  cause,  though 
they  may  be  judged  of  in  kind,  can  never  be  estimated  in  de- 
gree by  what  we  perceive  in  our  own  temperate  climates — in 
our  country  of  small  rivers  and  gentle  rains.  How  must  such 
effects  exceed  in  magnitude,  in  districts  where, — as  in  the 

*  Wioieas  the  still  recent  floods  in  Morayihire. 
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Ghauts,  that  separate  the  level  land  of  the  Malabar  coast 
(the  CoDcan)  from  the  high  table-land  of  the  Deccan,— 120 
inches  of  rain  occasionally  fall  in  a  single  month,  and  240 
inches  or  20  feet,  on  an  average,  every  year  from  June  to 
September  I  And  to  what  vast  distances  must  materials  be 
transported  by  great  rivers,  such  as  the  Mississippi,  the 
River  of  Amazons,  the  Ganges,  and  the  Indus,  which  main- 
tain a  course  of  thousands  of  miles,  before  they  empty  them- 
selves into  the  sea  ?  What  necessary  connection  can  the 
deposits  of  mud  and  sand  which  yearly  collect  at  the  mouths 
and  in  the  places  overflowed  by  the  waters  of  these  great 
rivers,  have  with  the  nature  of  the  rocks  on  which  these 
transported  materials  may  happen  to  rest  ? 

3°.  But  the  constant  motion  of  the  waters  of  the  sea 
washes  down  the  cliffs  on  one  coast,  and  carries  away  their 
ruins  to  be  deposited,  either  in  its  own  depths,  or  along 
other  more  sheltered  shores.  Hence  sand  banks  accumu- 
late— as  in  the  centre  of  our  own  North  Sea :  or  the  land 
gains  upon  the  water  in  one  spot  what  it  loses  in  another-— 
as  may  be  seen  both  on  the  shores  of  our  own  Island,  and 
on  the  opposite  coasts  of  Germany  and  France. 

What  necessary  relation  can  the  soils  thus  gained  from 
the  sea  have  to  the  rocks  on  which  they  rest  ?  Suppose 
the  bottom  of  the  North  Sea  to  become  dry  land,  what  ne- 
cessary mineral  relation  would  then  exist  between  the  soils 
which  would  gradually  be  formed  on  its  hundreds  of  square 
miles  of  sand-banks,  and  the  rocks  on  which  those  sand- 
banks inunediateiy  repose  1 

4°.  Again,  the  sea,  in  general,  carries  with  it  and  deposits 
in  its  own  bosom  the  finest  particles  of  clay,  lime,  and  other 
earthy  matters,  and  leaves  along  its  shores  accumulations  of 
fine  siliceous  sand.  This  sand,  when  dry,  the  sea  winds 
bear  before  them  and  strew  over  the  land,  forming  sand 
hills  and  downs,  sometimes  of  considerable  height  and  of 
great  extent.  Such  are  to  be  seen  here  and  there,  in  our 
own  islands,  but  on  the  Eastern  shores  of  the  Bay  of  Biscay, 
and  on  the  coasts  of  Jutland, — both  exposed  to  violent  sea 
winds, — ^they  occur  over  much  larger  areas.  Before  these 
winds  the  light  sands  are  continually  drilling,  and,  year  by 
year,  advance  further  and  further  into  the  country,  gndtt* 
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ally  driving  lakes  before  them,  swallowing  up  forests  and 
cultivated  fields,  with  the  houses  of  the  cultivators,*  and 
burying  alike  the  fertile  soils  and  the  rocks  from  which 
they  were  originally  derived. 

You  have  all  read  of  the  fearful  sands  of  the  African  de- 
serts, and  of  their  destructive  march  when  the  horning 
winds  awaken.  History  tells  of  populous  cities  and  fertile 
plains,  where  nothing  but  blown  sands  are  now  to  be  seen, 
and  geology  easily  leads  us  back  to  still  more  remote 
periods,  when  the  broad  zones  of  sandy  desert  were  but 
narrow  stripes  of  blown  sand  along  the  shores  of  the  sea, 
or  beds  of  comparatively  loose  sand-stone,  which  here  and 
there  came  to  the  surface,  and  which  the  winds  have 
gradually  removed  from  their  original  site,  and  wafted 
widely  over  the  land. 

Wherever  these  sand-drifts  spread,  it  will  also  be  clear  to 
you,  that  there  may  be  no  necessary  similarity  between  the 
loose  materials  on  the  surface  and  the  kind  of  rock  over 
which  these  materials  are  strewed. 

5^«  Along  with  these  I  shall  mention  only  one  other 
great  agent  by  which  loose  materials  are  gradually  trans- 
ported to  considerable  distances. 

It  is  observed  in  elevated  countries,  where  the  snow  never 
entirely  melts,  and  where  glaciers  or  sheets  of  ice  hang  on 
the  mountain  sides, — descending  towards  the  plains  as  the 
winter's  cold  comes  on,  and  again  retreating  towards  the 
mountain  tops  at  the  approach  of  the  summer's  heat — that 
the  edges  of  the  glaciers  bear  before  them  into  the  valliee 
and  deposit  along  their  edges,  banks  or  conical  ridges  of 
aand  and  gravel  (Moraines).  These  consist  of  the  fragments 
of  the  rocky  heights,  worn  and  rounded  by  the  friction  of 
the  sheets  of  ice,  beneath  which  they  have  descended  from 
above,  and  from  the  edges  of  which,  they  finally  escape  into 
the  plain. 

These  ridges  of  sand  and  gravel  accumulate  till  some  more 
sudden  thaw  than  usual,  or  greater  summer's  heat  arrives, 
when  they  are  more  or  less  completely  broken  up  by  the 

*  In  the  Landes,  the  advance  of  the  downs  is  estimated  at  60  to  73 
Ibet  every  year. 
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roaii  of  water  that  ensaes,  and  are  dispersed  over  the  sob* 
jacent  tracts  of  level  land. 

When  the  rocks  are  of  a  kind  to  rub  down  so  fine  as  to 
form  much  mud  as  well  as  sand  or  gravel,  the  ridges  are  of 
a  more  clayey  character.  And  where  the  edges  of  the  gla* 
ciers  descend  to  the  borders  of  lakes  or  seas — as  in  the 
Tienra  del  Fuega — this  mud  is  washed  away  and  widely 
spread  by  the  waters,  while  the  gravel  and  sand  remain 
nearer  their  original  site  ;  or,  finally,  when  the  ice  actually 
overhangs  the  water,  huge  fragments  break  off  now  and  then, 
— ^loaded  with  masses  of  gravel  and  sand,  or  even  with 
rocks  of  large  sizey — which  fragments  float  away  often 
to  great  distances  and  drop  their  stony  burdens  here  and 
there,  as  they  gradually  melt  and  disappear. 

To  these  facts,  let  it  be  added,  that  recent  geological  re- 
searches, of  a  very  interesting  kind,  tend  to  show  that  near- 
ly all  the  elevated  tracts  of  country  in  the  temperate  regions 
of  Europe  and  America — in  our  own  island  among  other 
localities — ^have  been  covered  with  such  glaciers  at  a  com- 
paratively recent  period,  (geologically  si)eaking),  and  that 
these  glaciers  have  gradually  retreated  step  by  step  to  their 
present  altitudes,  halting  here  for  a  time,  and  lingering 
there  ; — and  we  shall  find  reason  to  believe  that  traces  of 
transported  materials — amoved  from  their  original  site  by  this 
agent  also— are  to  be  looked  for  on  almost  every  geological 
formation. 

And  such  the  geological  observer  finds  to  be  in  reality  the 


§  6.  Of  the  occurrence  of  such  accumulations  in  Chreat  Bri- 
tain,  and  of  their  influence  in  modifying  the  character  of 
the  soil. 

Such  accumulations,  for  example,  present  themselves  over 
a  large  portion  of  our  own  island.  Thus,  in  Devonshire, 
the  chalk  and  green  sand  are  so  completely  covered  by 
gravels,  consisting  of  the  fragments  of  older  rocks  from  the 
higher  grounds,  mixed  with  chalk-flints  and  chert,  that  near- 
ly the  whole  of  this  tract  possesses  one  common  character 
of  infertility,  and  is  widely  covered  with  downs  of  furze 
and  heath  (De  La  Beche).     In  like  manner  the  chalk,  green 

34* 
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sand,  and  plastic  clay  of  a  large  portion  of  Norfolk  and 
Suffolk,  and  of  parts  of  the  counties  of  Essex,  Cambridge^ 
Huntingdon,  Bedford,  Hertford,  and  Middlesex,  are  covered 
with  till,  (stiff  unstratified  clay),  containing  large  atones, 
(boulders),  or  with  grayels,  in  which  are  mixed  fragments  of 
rocks  of  various  ages,  which  must  have  been  brought  some* 
times«from  great  distances,  and  perhaps  from  different  direc- 
tions (Lyeli.)  So  over  the  great  plain  of  the  new  red  sand- 
stone, in  the  centre  and  west  of  England — in  Lancashire, 
Cheshire,  Shropshire,  Staffordshire,  and  Worcestershire — 
drifted  gravels  of*  various  kinds  are.  widely  spread.  It  may 
indeed  be  generally  remarked,  that  over  the  bottoms  of  all 
our  great  vallies,  sach  drifted  fragments  are  commonly 
diffused — that  upon  our  wider  plains,  they  are  here  and 
there  collected  in  great  heaps — and  that  on  the  lower  lands 
that  border  either  shore  of  our  island,  extensive  deposits  of 
clay,  sand,  or  gravel,  not  unfrequently  cover  to  a  great  depth 
the  subjacent  rocks. 

The  practical  agriculturist  will  be  able  to  confirm  this  re- 
mark, in  whatever  district  almost  he  may  live,  by  facts 
which  have  come  within  his  own  knowledge  and  observation. 
I  shall  briefly  explain,  by  way  of  illustration,  the  mode  in 
which  such  accumulations  of  drifted  matter  overlie  the  east- 
ern or  lower  half  of  the  county  of  Durham. 

The  eastern  half  of  the  county  of  Durham  reposes,  U> 
the  north  of  the  city  of  Durham,  chiefly  upon  the  coal 
measures,  (sand-stones  and  shales) ;  to  the  south,  chiefly 
on  the  magnesian  lime-stone  and  the  new-red  sand-stone* 
These  coal  measures  rise,  here  and  there,  into  consi- 
derable elevations,  as  at  Gateshead  Fell  near  Newcastle, 
and  Brandon  Hill  near  Durham,  where  the  rocks  lie  imme- 
diately beneath  the  surface,  and  are  covered  by  compara- 
tWely  little  transported  matter.  The  magnesian  lime-stone, 
ajso,  in  many  localities,  starts  up  in  the  form  of  round  hilb 
OX  ridges,  on  which  reposes  only  a  poor  thin  soil,  formed 
in  great  measure  by  the  crumbling  of  the  rock  itselif.  Tet, 
generally  speaking,  this  entire  district  is  overspread  with  a 
thick  sheet  of  drifted  matter,  consisting  of  clays,  sands, 
and  gravels. 

This  drift  is  made  upof  three  aepa^te  layeis,  to  be  observed 
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more  or  less  distinctly  in  taking  a  general  survey  of  the  coun- 
ty, though  there  are  few  spots  where  they  can  all  be  seen  re* 
posing  immediately  one  over  the  other. 

1^.  The  upper  layer  consists  of  clays-— on  the  higher 
grounds,  poor,  stiff,  yellow^-on  the  hill  sides  and  slopes  of  the 
vallies,  often  darker  in  colour — but  almost  everywhere  full 
of  rounded  trap  boulders  from  a  few  pounds  to  many  tons 
in  weight.  These  are  generally  dug  up  when  they  obstruct 
the  plough,  and  are  sold  for  mending  the  roads  at  about  5s. 
a  ton.*  This  clay  varies  in  depth,  from  one  or  two,  to  fifty 
or  sixty  feet. 

2?,  Beneath  the  clay  occurs  an  accumulation  of  fine, 
generally  yellow,  more  rarely  red,  sand,  intermixed  with  oc- 
casional layers  and  round  hills  of  gravel — with  frequent 
black  streaks  of  rounded  coal  dust,  and  here  and  there  with 
nests  of  rounded  lumps  of  coal,  from  half  an  inch  to  five 
or  six  inches  in  diameter.  This  coal  is  sometimes  so  abund- 
ant as  to  be  collected  and  sold  for  burning. 

The  gravels,  where  they  overlie  the  coal  measures,  con- 
sist chiefly  of  rounded,  and  on  the  npper  part  occasionally 
of  large  angular  masses  of  coal  sand-stones — with  here  and 
there  a  fragment  of  trap,  of  mountain  lime-stone,  or  of 
some  of  the  older  rocks  to  be  met  with  in  the  mountainous 
district  towards  the  west.  Over  the  magnesian  lime-stone, 
however,  in  the  south-eastern  division  of  the  county,  to- 
wards the  foot  of  the  south-eastern  slope  of  the  magnesian 
lime-stone  hills,  the  gravels  which  exhibit  in  some  places 
(Wynyard)  an  irregular  stratification,  contain  many  round- 
ed masses  of  magnesian  lime-stone,  and  even  of  new-red 
sand-stone — the  evident  debris  of  adjacent  rocks  long  ago 
broken  up. 

8°.  The  undermost  layer  which  rests  immediately  upon 
the  subjacent  rocks  consists  of  a  stiff  unstratified  blue  clay 
often  full  of  trap  boulders,  but  containing  also  occasional 

*  In  iome  parts  of  Northnnbeiltmd  Uieaetnip  bonlden  are  stiH  more 
numerous.  In  the  country  which  stretches  between  the  north  and  south 
Tyne,  the  old  grass  fields  are  full  of  them.  A  friend  of  mine  Laforms 
me  that  in  ploughiDg  out  a  nine-acre  field  on  his  estate  in  that  districL 
there  were  dug  out  and  earned  off  no  less  that  900  tons  of  su^  xoUea 
•tones,  peat  and  small  I 
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large  rounded  masBes  of  bkie  lime-atone— *and  smaller  peb- 
bles of  quartz,  of  granite,  and  of  the  older  slate  rocks.  In 
many  localities  this  clay  is  wanting,  and  the  sands  or 
gravels  rest  immediately  upon  the  carboniferous  or  magne- 
sian  lime-stone  rocks — ^while  in  some  tracts,  both  this  and 
the  upper  clay  appear  to  degenerate  into  a  stony  most  on- 
manageable  clayey  graveL  I  am  not  aware  that  the  large 
whin  (trap)  boulders  are  ever  met  with  in  the  beds  of  sand. 
The  following  diagram  exhibits  the  mode  in  which  these 
drifted  materials  present  themselves  in  the  neighbourhood 
of  the  City  of  Durham.  The  cross  (f)  indicates  very  nearly 
the  site  of  Durham  on  the  banks  of  the  river  Wear. 


No.  1  represents  the  coal  measures. 

2.  The  lower  new-red  sand-stone,  here  soft  and  pale 
yellow. 

3.  The  magnesian  lime-stone  rising  into  a  high  escarp, 
ment  from  3  to  6  miles  south  of  the  city. 

4.  Yellow  loose  sand — ^with  rolled  sand-stones  and  coal* 
drift— occasionally  stratified.  It  forms  the  numerous  pic- 
turesque round  hills  in  the  neighbourhood  of  the  city,  and 
varies  from  a  few  feet  to  not  less  than  120  feet  in  thi^* 
ness. 

5.  Is  the  upper  clay,  with  boulders.  N  indicates  Fram- 
wellgate  Moor,  where  it  is  only  a  few  feet  thick.  At  S,  <» 
the  southern  slope  of  the  escarpment,  it  sometimes  resta 
immediately  on  the  rock  as  here  represented — in  which  case 
it  is  difficult  to  decide  whether  it  should  be  considered  as 
the  under  or  the  upper  clay — though  in  other  spots  both 
sand  and  clay,  or  gravel  and  clay,  present  themselves. 

It  will  at  once  occur  to  you  from  the  inspection  of  this 
diagram,  that  the  general  character  of  the  soil  in  the  county 
of  Durham,  wherever  such  accumulations  of  drifted  matter 
occur,  is  not  to  be  judged  <^  from  the  nature  of  the  rocks 
on  which  they  are  known  to  rest. 

Another  fact,  not  unworthy  of  your  attention,  is  the  rapid 
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sIteriuilioiK  of  light  and  heavy  soil,  of  sandB  or  gravels  and 
clays,  which  present  themselves  in  the  same  diatrict,  I  may 
my  in  the  a»me  farm,  and  often  in  the  same  field.  This 
aiises  from  the  irregular  thickness  of  the  deposit  of  sand  or 
gravel  over  which  the  upper  clay  rests.  The  surface  of  this 
sand  is  undulating,  as  if  it  had  formed  a  country  of  round 
hills  before  the  clay  was  deposited  upon  it.  This  appears 
in  the  following  diagram,  which  rcpremnts  the  way  in 
which  the  several  layers  are  seen  to  occur  Id  the  Crindou 
cut  on  the  Hartlepool  railway : — 


Here  1  is  the  msgnesiao  lime-stone,  not  visible  ;  2,  the 
under  clay,  with  boulders  ;  3,  the  sand  rising  in  round  hills^ 
and  here  and  there  piercing  to  the'  surface ;  and  4,  the 
upper  boulder  clay. 

In  the  couuty  of  Durham  it  ia  a  very  usual  expreniou 
that  the  tops  of  the  hills  aro  light  turnip  soil— but  that  they 
Jail  of  0  clay.  Both  the  meaning  and  the  cause  of  this 
are  explained  by  the  above  diagram. 

Noi  is  this  mode  of  occurrence  rare  among  the  alternate 
sands  and  clays  of  which  the  superficial  accumulations  in 
various  parts  of  the  country  consist.  Nearly  the  same 
oiicumstances  give  rise  to  the  rapid  changes  so  frequently 
observed  in  the  character  of  the  soil,  as  we  pass  from  field 
to  field,  not  in  this  county  only,  but  in  various  other  parts 
of  our  island. 

^  7.  ^010  Jar  iheae  accutmdalums  of  drift  interfere  teiA 
the  general  deductioru  of  Agricultural  Geology, 

Thus  it  appears,  that  over  the  eastern  half  of  the  county 
of  Durham,  and  over  large  portions  of  other  counties,  the 
amis  are  found  to  rest  upon  and  to  derive  their  chaiacter 
from  accumulations  of  drifted  materials  more  or  leas  difife^ 
«Dt  ia  their  nature  from  the  rocks  that  lie  beneath. 
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But  in  the  preceding  lecture  I  have  endeavoured  toskiow 
you  that  soils  are  derived  from  the  rocks  on  which  they 
rest»  and  to  impress  upon  you  the  close  general  relation 
which  exists  between  the  kind  of  rocks  of  which  a  country 
is  composed,  and  the  kmd  of  toiis  by  which  its  surfince  is 
overspread. 

How  are  these  apparent  contradictions  to  be  reconciled  7 
How  is  any  degree  of  order  to  be  evolved  out  of  this  appa* 
rent  confusion  ?  Are  the  general  indications  of  agricultiual 
geology  (Lecture  zi«,  §  8.)  still,  in  any  degree,  to  be  relied 
upon? 

They  are,  and  for  the  following,  among  other  reasons : 

1°.  It  is  still  generally  true  that  where  a  considerable  ex* 
tent  of  country  rests  upon  any  known  rock,  the  soil  in  that 
district  derives  its  usual  character  from  the  nature  of  that 
rock.  Thus  though  large  portions  of  Cheshire  and  Lan- 
cashire  are  covered  with  drift,  yet  the  soil  of  these  counties, 
taken  as  a  whole,  has  the  general  characters  of  the  soils  of 
the  new-red  sand-stone,  which  in  that  part  of  England  is 
so  largely  developed. 

2°.  Where  the  drift  overspreads  any  large  area,  it  is  found 
to  become  gradually  mixed  up  with  the  fragments,  large  and 
small,  of  the  rocks  upon  which  it  reposes.  Thus  in  the 
neighbourhood  of  Durham,  the  round  hills  of  sand  and 
gravel  with  intermingled  coal  consist  in  great  part  of  the 
ruins  of  the  sand-stones  of  the  country  itself — while  the 
clays,  no  doubt,  are  partly  derived  from  the  shale  beds  which 
occur  intermingled  with  the  sand*stones  of  the  same  coal 
measures.  Hence  the  soils  of  the  northern  half  of  this 
county,  in  general,  still  partake  of  the  usual  qualities  of 
those  of  the  coal  measures  and  mill-stone  grit  (pp.  365  and 
366).  In  the  western  and  higher  part  of  the  district  they 
lie  more  immediately  on  the  rocks  from  which  they  have 
been  derived,  while  on  the  eastern  half  they  rest  on  a 
mixture  of  the  accumulated  ruins  of  the  same  rocks,  which 
have  been  transported  by  natural  agents  to  a  greater  or  leas 
distance  from  their  natural  site. 

It  is  true  that  there  are  mixed  up  with  these  many  portions 
of  other  rocks  brought  from  a  still  greater  distance,  but  these 
bear  but  a  small  proportion  to  the  entire  masa,  and  hence  havei 
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generally  apeaking,  but  little  influence  in  altering  the  min* 
eral  character  of  the  whole. 

8^*  It  may  indeed  be  stated  bb  generally  true,  that  the 
greater  proportion  of  the  transported  materials  which  lie 
upon  any  spot  has  been  brought  only  a  comparatiTely  small 
distance.  Thus  the  sands  and  gravels  in  the  county  of 
Durham-— to  the  west  of  the  magnesian  lime<^one-«-con- 
sist  chiefly  of  the  fragments  of  the  coal  measures.  £ast 
and  south  of  the  magnesian  lime-stone  escarpment  (dia- 
gram, p.  896),  they  become  mixed  with  rounded  masses  of 
this  lime-stone.  On  the  new*red  sand-stone  of  the  south- 
east of  the  county,  they  consist  chiefly  of  magnesian  lime- 
stone mixed  with  fragments  of  the  red  sand-stone — and  on 
crossing  the  Tees,  the  debris  of  the  lias  hills  begins  to  appear 
among  them. 

In  countries,  therefore,  where  drifted  sands  and  gravels 
prevail  on  the  surface,  they  generally  consist  of  the  frag- 
ments of  rocks  which  lie  at  no  great  distance — gene- 
rally towards  the  higher  ground — the  natural  tendency  being 
for  the  debris  of  one  kind  of  rock,  or  of  one  formation,  to 
overlap  to  a  greater  or  less  extent  the  surface  of  the  adjoin- 
ing rock  or  formation.  By  this  overlapping,  the  geograph" 
iod  position  of  a  given  soil  is  removed  to  a  greater  or  less 
distance  beyond  the  line  indicated  by  the  geologicai  position 
of  the  rocks  from  which  it  is  derived.  Thus,  a  coal  measure 
soil  may  overspread  part  of  the  magnesian  lime-stone — a  red 
sand-stone  soil  may  partially  cover  the  lias,  and  so  on— the 
general  characters  and  distinctions  of  the  soil  peculiar  to 
each  rock  being  still  preserved  beyond  the  spaces  upon  which 
they  have  been  accidentally  intermingled. 

4°.  To  this,  and  to  each  of  the  other  statements  above 
made,  there  are  many  local  exceptions.  For  instance,  what 
is  true  of  sands  and  gravels,  will  not  so  well  apply  to  the 
fine  mud  of  which  many  clays  are  formed.  Once  commit 
these  to  the  water,  and  if  it  has  any  motion,  they  may  be 
transported  to  very  great  distances  from  their  original  site. 
Rivers,  lakes,  and  seas,  are  the  agents  by  which  these  ex* 
tensive  difiiisions  are  effected.  The  former  produce  what 
are  called  alluvial  formations  or  deposits ;  which  are  gei^e* 
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rally  rich^inaH  the  inorganic  substances  tbat  plants  reqoirey 
and  hence  yield  rich  returns  to  the  agricultural  labourer. 
They  are  usually,  however,  distinguished,  and  their  bounda- 
ries marked,  by  the  geologist — so  that  the  soils  which  repose 
upon  them  do  not  contradict  any  of  the  general  deductions  he 
is  prepared  to  draw,  in  jegard  to  the  general  agricultural  ca* 
pabilities  of  a  country,  from  the  kind  of  rocks  of  which  it  con* 
sists. 

Thus  though  the  occurrence  of  extensive  fields  of  drift  over 
various  parts  of  almost  every  country,  does  throw  some  fur- 
ther difficulty  over  the  researches  of  the  agricultural  geolo- 
gist, and  requires  from  him  the  application  of  greater  skill 
and  caution  before  he  pronounce  with  certainty  in  jegard  to 
the  agricultural  capabilities  of  any  spot  before  he  visit  it — 
yet  it  neither  contradicts  the  general  deductions  of  the 
geologist  nor  the  special  conclusions  he  would  be  entitled  to 
draw  in  regard  to  the  ability  of  any  country,  when  rightly 
cultivated,  to  maintain  in  comfort  a  more  or  less  numerous 
population.  The  pdilicdl  economist  may  still,  by  a  survey 
of  the  geological  map  of  a  country,  pronounce  with  some 
confidence  to  what  degree  the  agricultural  riches  of  that 
country  might  by  industry  and  skill  be  brought— and  which 
districts  of  an  entire  continent  are  fitted  by  nature  to  main* 
tain  the  most  abundant  population.  The  intending  emu 
grant  may  still,  by  the  same  means,  say  in  what  new  land 
he  is  most  likely  to  find  a  propitious  soil  on  which  to  expend 
his  labour— or  such  mineral  resources  as  will  best  aid  his 
agricultural  pursuits ; — ^while  a  careful  study  of  the  geologi- 
cal map,  of  his  own  country,  will  still  enable  the  skilful  and 
adventurous  farmer  to  determine  in  what  counties  he  will 
meet  with  soils  that  are  suited  to  that  kind  of  practice  with 
which  he  is  most  familiar— or  which  are  likely  best  to  re- 
ward him  for  the  application  of  the  newest  and  most  ap- 
proved  methods  of  culture. 

Still  there  are  some  aids  to  this  kind  of  knowledge  yet 
wanting.  We  have  geological  maps  of  all  our  counties,  io 
which  the  boundaries  of  the  several  rocky  formations  are 
more  or  less  accurately  pointed  out,  and  from  these  maps,  as 
we  have  seen,  much  valuable  agicultural  information  may  be 
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fairly  deduced.  We  have  also  agricuUural  maps  of  many 
counties,*  compiled  with  less  care,  and  often  with  the  aid 
of  little  geological  knowledge.  But  agriculture  now  requires 
geological  maps  of  her  own — which  shall  exhibit  not  only 
the  limits  of  the  rocky  formations,  but  also  the  nature  and 
relative  extent  of  the  superficial  deposits  (drifts),  on  which 
the  soils  so  often  rest,  and  from  which  they  are  not  unfre* 
quently  formed.  These  would  afford  a  sure  basis  on  which 
to  rest  our  opinions  in  regard  to  the  agricultural  capabilities 
of  the  several  parts  of  a  county  in  which,  though  the  rocks 
are  the  same,  the  soils  may  be  very  different.  To  the  study 
of  these  drifted  materials,  in  connection  with  the  action  of 
ancient  glaciers  (p.  892),  the  attention  of  geologists  is  at 
present  much  directed,  and  from  their  labours  agriculture 
will  not  fail  to  reap  her  share  of  practical  benefit — the  geo- 
logical survey,  also,  so  ably  superintended  by  Mr.  De  La 
Beche,  is  collecting  and  recording  much  valuable  informa- 
tion in  regard  to  the  agricultural  geology  of  the  southern 
counties — ^but  it  is  not  unworthy  the  consideration  of  our 
leading  agricultural  societies — whether  some  portion  of  their 
encouragement  might  not  be  beneficially  directed  to  the 
preparation  of  agricultural  maps,  which  should  represent,  by 
different  colours,  the  agricultural  capabilities  of  the  several 
parts  of  each  county,  based  upon  a  knowledge  of  the  soils 
and  sub-soils  of  each  parish  or  township,  and  of  the  rocks, 
whether  near  or  remote,  from  which  they  have  been  sever- 
ally derived. 

Before  leaving  this  subject,  I  will  call  your  attention  to 
one  practical  application  of  this  knowledge  of  the  extensive 
prevalence  of  drifts,  which  is  not  without  its  value.  Beiiu[ 
acquainted  with  the  nature  of  the  rocks  in  a  country,  and 
with  its  physical  geography — ^that  is,  which  of  these  rocks 
form  the  hills,  and  which  the  vallies  or  plains — ^we  can  pre- 
dict, in  general,  that  the  materials  of  the  hills  will  be 
strewed  to  a  greater  or  less  distance  over  the  lower  grounds, 
and  that  these  lower  soils  will  thus  be  more  or  less  altered 
in  their  mineral  character.     And  when  the  debris  of  the 


•  As  that  of  Durham  m  Bailey's  View  of  the  AgrioiiiUwre  of  iki 
Ctmnty  of  DurkoMf  puUisked  in  18lO. 
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hills  is  of  a  more  fertile  character,  than  that  of  the  rocks 
which  form  the  plains,  that  the  soils  will  be  materially  im* 
proved  by  this  covering  ; — the  soil  of  the  mill-stone  grit,  for 
example,  by  the  debris  of  the  mountain  lime-stone,  or  of  a 
decayed  green-stone  or  a  basalt.  On  the  other  hand,  where 
the  higher  rocks  are  more  unfruitful,  and  the  low  lands  are 
covered  with  sterile  drifted  sands  brought  down  from  the 
more  elevated  grounds — a  knowledge  of  the  nature  of  the 
subjacent  rock  may  at  once  suggest  the  means  of  ameliorat- 
ing and  improving  the  unpromising  surface-drift.  Thus 
the  loose  sand  of  Norfolk  is  fertilized  by  the  subjacent  chalk 
marl ;  and  even  sterile  heaths  (Hounslow),  on  which  nothing 
grew  before,  have,  by  this  means,  been  made  to  produce 
luxuriant  crops  of  every  kind  of  grain. 

§  8.  Of  superficial  accumulations  of  Peat. 

Of  superficial  accumulations,  that  of  peat  is  one  which, 
in  the  United  Kingdom,  covers  a  very  large  area.  In  Ireland 
alone,  the  extent  of  bog  is  estimated  at  2,800,000  acres. 
None  of  the  drifted  materials  we  have  considered,  therefore, 
would  appear  so  likely  to  falsify  the  predictions  of  the  geolo- 
gist, who  should  judge  of  the  soils  of  such  a  country  from 
information  in  regard  to  the  rocks  alone  on  which  they  rest 
— from  a  geological  map  for  example — as  the  occurrence  of 
these  peat  bogs.  Yet  there  are  certain  facts  connected  with 
the  formation  of  peat,  which  place  him,  in  some  measure, 
on  his  guard  in  reference  even  to  accumulations  of  vegetable 
matter  such  as  these. 

1^.  There  is  a  certain  range  of  temperature  within  which 
alone  peat  seems  capable  of  being  produced.  Thus,  at  the 
level  of  the  sea,  it  is  never  found  nearer  the  equator  than 
between  the  40^  and  45^  of  latitude  ;  while  its  Umit  towards 
the  poles  appears  to  be  within  the  60th  degree.  It  is  a 
product,  therefore,  chiefly  of  the  temperate  regions. 

Still  on  the  equator  itself,  at  a  sufficient  altitude  above 
the  sea,  the  temperature  may  be  cool  enough  to  permit  the 
growth  of  peat.  Hence,  though  on  the  plains  of  Italy,  no 
peat  is  formed  ;  yet  on  the  higher  Appenines,  it  may  here 
and  there  be  met  with,  among  the  marshy  basins,  and  <hi 
the  undrained  mountain  sides. 
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2^.  The  occurrence  of  stagnant  water  is  necessary  for 
the  production  of  peat.  Hence,  on  impervious  beds  of  clay, 
through  which  the  rains  and  springs  can  find  no  outlet,  the 
formation  of  peat  may  be  expected.  Thas  on  the  Oxford 
clay  repose  the  fens  of  Lincoln,  Cambridge,  and  Hunting- 
don (p.  360).  On  impervious  rocks,  also,  peat  bogs  form 
for  a  similar  reason.  The  new  red  sand-stone  is  occasionally 
thus  impervious,  and  on  it,  among  other  examples,  repose 
the  Chat  moss,  the  tract  of  peat,  mostly  in  cultivation, 
which  lies  west  of  a  line  drawn  between  Liverpool  and 
Preston,  and  the  large  extent  of  bog^  country  which 
stretches  round  the  h^d  of  the  Solway  Firth.  On  the  old 
red  sand-stone,  the  mountain  lime-stone,  the  slate,  and  the 
granite  rocks,  much  peat  occurs,  and  it  is  on  these  latter 
formations  that  the  extensive  bogs  of  Scotland  and  Ire- 
land  chiefly  rest. 

But  though  these  two  facts  are  of  some  value  to  the  poli- 
tician and  to  the  geologist  in  indicating  in  what  countries 
and  on  what  formations  peat  may  be  expected  to  occur,  yet 
they  are  of  comparatively  little  importance  to  the  practical 
agriculturist.  It  is  of  far  more  consequence  to  him  that  the 
moment  he  casts  his  eye  upon  the  face  of  a  country  he 
can  detect  the  presence  or  absence  of  peat-^that  none  of 
the  perplexities  which  beset  the  nature  and  origin  of  other 
superficial  accumulations  attach  to  this— that  he  can,  at 
once,  judge  both  of  its  source  and  of  its  agricultural  capabili- 
ties. Though  produced  on  a  given  spot,  because  rocks  of  a 
certain  character  exist  there,  yet  its  origin  is  always  the 
same — its  qualities  more  or  lees  uniform, — the  improvement 
of  which  is  susceptible  in  some  measure  alike^ — and  the 
steps  by  which  that  improvement  is  to  be  efiected,  liable  to 
variation,  chiefly  according  as  this  or  that  ameliorating  sub- 
stance can  be  most  readily  obtained. 


LECTURE  XIII. 

Exact  chemical  constitution  of  soila — their  organic  constitaenta— Ana- 
lysis of  soils— Composition  of  certain  characteristic  soils — ^PhysicBl 
cnarectera  of  soils. 

In  the  two  preceding  lectures  we  have  considered  the 
general  constitution  and  origin  of  soils,  and  their  relation  to 
the  geological  structure  of  the  country  in  which  they  are 
found,  and  to  the  chemical  composition  of  the  rocks  on 
which  they  rest.  We  have  also  discussed  some  of  the 
causes  of  those  remarkable  differences  which  soils  are 
known  to  present  in  their  relations  to  practical  agriculture. 
But  a  more  intimate  and  precise  acquaintance  with  the 
chemical  constitution  of  soils  is  not  unfrequently  necessary 
to  a  complete  understanding  of  the  causes  of  these  differ- 
ences— of  the  exact  effect  which  its  chemical  constitution 
has  upon  the  fertility  of  a  soil — and  of  the  remedy  which  in 
any  given  circumstances  ought  to  be  applied. 

Some  persons  have  t>een  led  to  expect  too  much  from  the 
chemical  analysis  of  a  soil,  as  if  this  alone  were  necessary 
at  once  to  explain  all  its  qualities,  and  to  indicate  a  ready 
method  of  imparting  to  it  every  desirable  quality, — ^while 
others  have  as  far  depreciated  their  worth,  and  have  pro- 
nounced them  in  all  cases  to  be  more  curious  than  usepd.* 
The  truth  here,  as  on  most  other  subjects,  lies  in  the  middle 
between  these  extreme  opinions* 

If  you  have  followed  me  in  the  views  I  have  endeavoured 
to  press  upon  you  in  regard  to  the  necessity  of  inorgamc 
food  to  plants — ^which  food  can  only  be  derived  from  the 
soil,  and  which  must  vary  in  kind  and  quantity  with  the 
species  of  crop  to  be  raised, — ^you  will  tit  once  perceive  that 
the  rigorous  analysis  of  a  soil  may  impart  most  valuable 
knowledge  to  the  practical  man  in  the  form  of  useful  sug- 
gestions for  its  improvement.  It  may  indeed  show  that  to 
apply  the  only  available  substances  to  the  soil  which  are 

*  Bouasingault,  AnndL  de  Ckm,  et  di  Pkf/s,  Ixrii^  p.  9. 
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capable  of  remedying  its  defects,  would  involve  an  expense 
for  which,  in  existing  circamstances,  the  land  could  never 
give  an  equivalent  return.  Yet  even  in  this  latter  case  the 
results  of  analysis  will  not  be  without  their  value  to  the 
prudent  man,  since  they  will  deter  him  from  adding  to  his 
soil  what  he  knows  it  already  to  contain,  and  will  set  him 
upon  the  search  after  some  more  economical  source  of 
those  ingredients  which  are  likely  to  benefit  it  the  most. 

It  will  be  proper,  therefore,  to  turn  our  attention  briefly  to 
the  consideration  of  the  exact  chemical  constitution  of  soils. 

^  I.  Of  the  exact  nature  of  the  organic  conetituenta  of  eoUe^ 
and  of  the  mode  of  separating  them. 

We  have  already  seen*  in  a  preceding  lecture,  that  all 
soils  contain  a  greater  or  less  admixture  of  organic— H^hiefly 
vegetable — matter,  the  total  amount  of  which  may  be  very 
nearly  determined  by  burning  the  dried  soil  at  a  red  heat 
till  all  blackness  disappears  (p.  348).  But  this  vegetable 
matter  consists  of  several  different  chemical  compounds, 
the  nature  and  relative  weights  of  which  it  is  occasionally 
of  consequence  to  be  able  to  determine. 

1^.  Humus, — ^The  general  name  of  humus  is  given  to  the 
fine,  brown,  light  powder  which  imparts  their  richness  to 
vegetable  moulds  and  garden  soils.  It  is  formed  from  the 
gradual  decomposition  of  vegetable  matter,  exists  in  all 
soils,  forms  the  substance  of  peat,  and  consists  of  a  mixture 
of  several  different  compounds  which  are  naturally  pro- 
duced during  the  decay  of  the  different  parts  of  plants.  It 
is  distinguished  into  mt2c2,  sour^  and  eoaly  humus. 

The  mild  gives  a  brown  colour  to  water,  but  does  not 
render  it  sour,  gives  a  dark  brown  solution  when  boiled  with 
carbonate  of  soda,  evolves  ammonia  when  heated  with  cans* 
tic  potash  or  soda  or  with  slaked  lime,  and  leaves  an  ash 
when  burned  which  contains  lime  and  magnesia.  The  svur 
gives,  with  water,  a  brown  solution  of  a  more  or  less  sour 
taste.f  This  variety  is  less  favourable  to  vegetation  than 
the  former,  and  indicates  a  want  of  lime  in  the  soil.  The 
coaly  humus  gives  little  colour  to  water  or  to  a  hot  solution 

*  Lecture  xi.,  p.  336. 

t  Or  reddens  regetable  blues. — See  page  58. 
36* 
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of  carbonate  of  soda,  leaves  an  ash  which  contains  little 
lime,  occurs  generally  on  the  surface  of  very  sandy  soils, 
and  is  very  unfruitful.  It  is  greatly  ameliorated  by  the 
addition  of  lime  or  wood  ashes. 

2^.  Humic  add. — When  a  fertile  soil  or  a  piece  of  dry  peat 
is  boiled  with  a  solution  of  the  common  carbonate  of  soda  oi 
the  shops,  a  brown  solution,  more  or  less  dark,  is  obtained, 
from  which,  when  diluted  muriatic  acid  (spirits  of  salt)  is 
added  till  the  liquid  has  a  distinctly  sour  taste,  brown  flocks 
begin  to  fall.     This  brown  flocky  matter  is  humie  acid, 

8°.  Vlmie  acid. — ^If,  instead  of  a  solution  of  carbonate 
of  soda,  one  of  caustic  ammonia,  the  hartshorn  of  the  shops, 
be  digested  upon  the  soil  or  peat  by  a  gentle  heat,  a  mwe 
or  less  dark  brown  solution  is  obtained,  which,  on  the  addi- 
tion of  muriatic  acid,  gives  brown  flocks  as  before,  bat 
which  now  consist  of  ulmic  acidm 

These  two  acids  combine  with  lime,  magnesia, 
and  oxide  of  iron,  forming  compounds  (salts)  which  are 
spectively  distinguished  by  the  names  of  humatei  and  uL 
inateim  They  probably  both  exist,  ready  formed,  in  the 
soil  in  variable  proportions,  and  in  combination  with  one  or 
more  of  the  earthy  substances  above  mentioned— 4ime, 
alumina,  ^c.  They  are  produced  by  the  decay  of  vege- 
table matter  in  the  soil,  which  decay  is  materially  facilitat- 
ed by  the  presence  of  one  or  other  of  these  substances,  and 
by  lime  especially,— on  the  principle  that  the  formation  of 
acid  compounds  is  in  all  such  cases  much  promoted  by  the 
presence  of  a  substance  with  which  that  acid  may  combine. 
They  predispoie  organic  substances  to  the  formation  of 
such  acids,  and  consequently  to  the  decomposition  by  which 
they  are  to  be  produced.  These  two  acids  consist  respec- 
tively of 

Homic  acid.  Ulmic  acid. 

Carbon 63  57 

Hydrogen      .     •     •     •       6  4} 

Oxygen 31  38^ 

100  100 

Some  writers  upon  agriculture  have  supposed  that  these 
acids  contribute  very  materially  to  the  support  of  growing 


SPABIKO  80LVBZLITT  OF  TWESE  ACIDB.  407 

plants.  But  Liebig*  has  very  properly  objected  to  this 
opinion,  that  they  are  so  very  sparingly  soluble  in  water 
that  we  cannot  suppose  them  to  enter  directly  into  the  roots 
—even  were  all  the  water  they  absorb  to  be  saturated  with 
them — ^in  such  quantity  as  to  contribute  in  a  great  degree 
to  the  organic  matter  contained  in  almost  any  crop.f 

We  have  indeed  seen  reason  to  conclude  on  other  grounds, 
that  only  a  smail»  though  a  variable,  proportion  of  the  carbon 
of  plants  is  derived  from  the  soil,  yet  of  this  proportion  a 
certain  quantity  may  enter  by  the  roots  in  the  form  of  one 
or  other  of  these  acids,  or  of  their  earthy  compounds.  They 
are  readilv  soluble  in  ammonia ;  and  animal  manures  which 
give  off  this  compound  in  the  soil  may  therefore  facilitate 
their  entrance  into  the  roots  of  those  plants  which  are 
cultivated  by  the  aid  of  such  manures.  They  are  also 
soluble  in  carbonate  of  potash  and  carbonate  of  soda,  which 
are  contained  in  wood  ashes  and  in  the  ash  of  weeds  and  of 
soils  which  are  pared  and  burned.  When  these  substances, 
therefore,  are  applied  to  the  land,  they  may  combine  with, 
and,  among  their  other  beneficial  modes  of  action,  may 
serve  to  introduce,  these  acids  in  larger  quantity  into  the 
plant. 

When  exposed  to  the  air,  the  humates  and  ulmates  con- 
tained in  the  soil  undergo  decomposition,  give  off  carbonic 
acid,  and  are  changed  into  carbonates.  The  admission  of 
air  into  the  soil  facilitates  this  decomposition,  which  is 
supposed  to  be  continually  going  forward — and  it  is  in  the 
form  of  this  gas  that  plants  are  considered  by  some  to  im- 
bibe the  largest  portion  of  that  carbon  for  which  they  are 
indebted  to  the  soil. 

4^.  Crenic  and  Apoerenic  acids, — ^When  soils  are  digested 
or  washed  with  hot  water,  a  quantity  of  organic  matter  is 
not  unfrequently  dissolved,  which  imparts  to  the  water  a 
brownish  yellow  colour.     When  the  solution  is  evaporated 

^  Organic  Ckemistry  applied  to  AgricuUuire,  first  edition,  pp.  11  and 

t  (Jlmic  Bcidrequires  9500  times  its  weieht  of  water  to  dissolve  it — 
ulmate  of  lime  9000  times,  and  ulmate  of  uumina  4900  times—but  all 
are  still  less  soluble  after  they  have  been  perfectly  dried,  or  exposed  to 
the  action  of  a  hard  winter's  frost  The  ulmates  of  potash,  soda,  and 
alumina,  are  all  dissolyed  in  water  with  considerable  ease. 
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to  dryness,  there  remaiiis  besides  the  solable  saline  sub- 
stances of  the  soil,  a  variable  portion  of  brown  eztractiTO 
looking  matter  also,  which  is  a  mixture  of  the  two  acids 
here  named,  with  the  uimic  and  humic-— «U  in  combinatioB 
with  lime,  alumina,  and  other  bases.  When  this  residue  is 
dried  at  280®  F.,  the  two  latter  acids,  and  their  compoundsy 
become  insoluble,  while  the  crenates  and  apocrenateSj  more 
especially  the  former,  remain  soluble  in  water,  and  may  be 
separated  by  washing  with  this  liquid. 

These  acids  also  are  formed  in  the  soil  during  the  decay 
of  vegetable  matter.  They  are  distinguidied  from  the  two 
previously  described  by  containing  nitrogen  as  an  essential 
constituent,  and  by  forming  compounds  with  lime,  dec., 
which  are,  for  the  most  part,  readily  soluble  in  water.  Hence 
they  will  both  prove  more  nourishing  to  plants — in  virtue 
of  the  nitrogen  they  contain — and  in  consequence  of  their 
solubility,  will  be  able,  where  they  exist,  to  enter  more 
readily,  and  in  greater  abundance,  into  the  roots  than  either 
the  ulmic  or  the  humic  acid* 

Owing  to  this  solubility,  also,  they  are  more  readily  wash- 
ed out  of  the  soil  by  the  rains,  and  hence  are  rarely  present 
in  any  considerable  quantity  in  specimens  of  soil  which  are 
submitted  to  analysis.  They  are  frequently,  however,  met 
with  in  springs  and  in  the  drainings  of  the  land.  They 
have  even  been  found  in  minute  quantity  in  rain-water,  and 
as  they  have  also  been  detected  in  distilled  water,*  it  is 
probable  that  they  ascend  into  the  air  in  very  small  pro- 
portion with  the  watery  vapour  that  rises.  Tliis  exhibits 
another  form,  therefore,  in  which  the  rains  may  minister  to 
the  growth  of  plants  (see  page  42). 

Both  acids  form  insoluble  compounds  with  the  peroxide  of 
iron— and  hence  are  found  in  combanation  with  many  of  the 
ochrey  deposits  from  ferruginous  springs,  and  with  the 
oxide  of  iron  by  which  so  many  soils  are  coloured.  The 
apocrenic  acid  has  also  a  peculiar  tendency  to  combine  with 
alumina,  with  which  it  forms  a  compound  insoluble  in  water, 
and  in  this  state  of  combination  it  probably  exists  not  un- 
fl!«quently,  especially  in  clayey  soils. 

«  FArsten  zu  Salm-Horstmar.    Poggend,  AimdL  Uv.,  p.  S54. 
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When  heated  with  newly  slaked  qaick^lime  these  aeids 
give  off  ammonia  and  carbonic  acid.  By  the  action  of  the 
air,  and  of  lime  in  the  soil,  they  are  probably  decomposed  in 
a  similar  manner,  though  with  much  less  rapidity. 

5°.  Mudewus  acid  \a  another  dark  brown  acid  substance, 
which  is  also  produced  naturally  in  the  soil.  It  resembles 
the  apocrenic,  in  havinff  a  strong  tendency  to  combine  with 
alumina.  In  union  with  this  acid  it  is  slowly  washed  out  of 
the  soil  by  the  rains,  or  filters  through  it  when  the  water 
can  find  an  outlet  beneath.  This  is  seen  to  be  the  case  in 
some  of  the  caves  on  the  Cornish  coast,  where  the  waters 
that  trickle  through  from  above  have  gradually  deposited 
on  their  roof  and  sides  a  thick  incrustation  of  mwUfsUe  of 
alumina.* 

Besides  these  acids,  it  is  known  that  the  malic  and  the 
acetic  (vinegar)  are  occasionally  produced  in  the  soil  du- 
ring the  slow  decay  of  vegetable  matter  of  different  kinds. 
It  is  probable  that  many  other  analogous  compounds  are 
likewise  formed — which  are  more  or  less  soluble  in  water, 
and  more  or  less  fitted  to  aid  in  the  nourishment  of  plants. 
There  is  every  reason  to  believe,  indeed,  that  organic  sub* 
stances  in  the  soil  pass  through  many  successive  stages  of 
decomposition,  at  each  of  which  they  assume  new  proper- 
ties, and  become  more  or  less  capable  of  aiding  in  the  sup- 
port of  living  races.  The  subject  is  difficult  to  investigate, 
because  of  the  obstacles  which  lie  in  the  way  of  exactly  se- 
parating from  each  other  the  small  quantities  of  the  differ- 
ent organic  compounds  that  occur  mixed  up  together  in  the 
soil.  But  it  seems  quite  clear,  that  while  some  agricultural 
chemists  have  erred  in  describing  the  ulmic  and  humic 
acids  as  the  immediate  source  of  a  large  portion  of  the  car- 
bon of  plants,  others  have  no  less  mis-stated— as  I  apprehend 
-—the  true  course  of  nature,  who  deny  any  direct  influence 
to  these  and  other  substances  of  vegetable  oriffin,  and  limit 
their  use  in  the  soil  to  the  supply  of  carbonic  acid  only, 
which,  on  their  ultimate  decomposition,  they  are  capable  of 
yielding  to  the  roots.  The  resources  of  vegetable  life  are 
not  so  limited ;  but  as  the  human  stomach  can,  and  does,  on 

*  Known  to  minenJogisu  under  tho  name  of  PigotUi. 
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occasion,  convert  into  nourishment  many  different  c<hii. 
pounds  of  the  same  elements  —so,  no  doubt,  many  of  those 
organic  compounds  which  are  produced  in  the  soil,  or  in 
fermenting  manure  during  the  decay  of  animal  and  vegeta- 
ble  bodies, — when  once  admitted,  in  consequence  of  their 
solubility,  into  the  circulating  system  of  plants, — are  con- 
verted into  portions  of  their  substance  and  really  do  minis- 
ter to  their  natural  growth. 

Separation  of  these  Organic  CantHtuenU. — 1^.  When  on 
washing  with  hot  water  a  soil  imparts  a  colour  to  the  sohi- 
tion,  the  liquid  must  be  filtered  and  evaporated  to  perfect 
dryness.  On  treating  with  water  what  remains  after  the 
evaporation,  the  humic  acid  and  humates  remain  insoluUe, 
while  the  crenic  and  apocrenic  acids  are  taken  up  by  the 
water  along  with  the  soluble  saline  matter  which  the  soil 
may  have  contained.  By  evaporating  this  second  solution 
to  perfect  dryness,  weighing  the  residue^  and  then  heating 
it  to  dull  redness  in  the  air,  the  loss  will  indicate  something 
more  than  the  quantity  of  these  acids  present  in  the  soil* 
By  burning  the  dried  insoluble  matter,  also,  the  quantity 
of  humic  acid  present  in  it  may  in  Uke  manner  be  d^er- 
mined. 

2^.  After  being  washed  with  pure  water,  the  soil  is  to  be 
boiled  with  a  solution  of  carbonate  of  soda,  repeated  once 
or  twice  as  long  as  a  brown  solution,  more  or  less  dark,  is 
obtained.  Being  filtered,  and  then  rendered  sour  by  muri- 
atic acid,  brown  flocks  fall,  which  being  collected  on  the 
filter,  perfectly  dried  and  weighed,  give  the  quantity  of 
Jtttmic  acid  in  the  soil.  As  this  dry  humic  acid  generally 
contains  some  earthy  matter,  it  is  more  correct  to  bom  it, 
and  to  deduct  the  weight  of  the  ash  which  may  be  left. 

3^.  The  insoluble  (coaly)  humus  still  remains  in  the  soil- 
On  boiling  it  now  in  a  solution  of  caustic  potash  for  a  length 
of  time,  and  till  a  fresh  solution  ceases  to  become  brown,  the 
coaly  humus  is  entirely  dissolved — ^being  converted  accord* 
ing  to  Sprengel  into  humic  acid.  The  addition  of  muriatic 
acid  to  this  solution,  till  it  has  a  sour  taste,  throws  down  the 
humic  acid  in  the  form  of  brown  flocks,  which  may  be  col- 
lected, dried,  and  weighed  as  before. 

4°.  If  there  be  any  mudesite  of  alumina  in  the  soil  it  is  also 
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disBolved  by  the  potash,  but  is  not  thrown  down  when  the 
solution  is  rendered  sour  by  muriatic  acid.  The  entire 
weight  of  organic  matter  in  the  soil  being  therefore  deter* 
mined  by  burning  it  in  the  air,  after  being  perfectly  dried, 
the  difference  between  this  weight  and  the  sum  of  those  of 
the  humic  acid  and  insoluble  humus  will  be  the  proportion 
of  the  other  acids  present.  Thus,  if,  by  burning  in  the  air, 
the  soil  lose  6  per  cent.,  and  give  2  per  cent,  of  humic  acid, 
and  2  of  insoluble  humus,  there  remain  2  per  cent,  for  other 
organic  substances  in  the  soil. 

In  genera]  it  is  considered  sufficient  to  ascertain  only  the 
whole  loss  by  burning,  and  the  quantity  taken  up  by  car* 
bonate  of  soda,  the  proportion  of  the  other  substances  pre« 
sent  being  in  most  cases  so  small  as  to  be  capable  of  being 
precisely  estimated  by  great  precautions  only. 

^  2»  On  the  exact  chemical  constitution  of  the  earthy  part 

of  the  eoU* 

In  reference  to  the  general  origin  of  soils — to  their  geolo* 
logical  relations— -and  to  the  simplest  mode  of  classifying 
them,— I  have  shown  you  that  the  earthy  part  of  nearly  aU 
soils  consists  essentially  of  sand,  clay,  and  lime  (p.  838). 
But  in  reference  to  their  chemical  relations  to  the  plants 
which  grow,  or  may  be  made  to  grow,  upon  them,  it  is  ne- 
cessary, as  you  are  now  aware,  to  take  a  more  refined  and 
exact  view  of  their  constitution.  This  will  appear  by  re* 
ferring  to  three  important  principles  established  in  the  pre* 
ceding  lectures. 

1^.  That  the  ash  of  plants  generally  contains  a  certain 
sensible  proportion  of  ten  or  twelve  different  inorganic  sub*' 
stances  (pp.  818  to  824). 

2^.  That' they  can,  in  general,  only  derive  these  substan* 
ces  from  the  soil  which  must,  therefore,  contain  them  (p. 
265).     And— 

8°.  That  the  fertility  of  a  soil  depends,  among  other  cir* 
cumstances,  upon  its  ability  to  supply  readily  and  in  suffi* 
cient  abundance  all  the  inorganic  substances  which  a  given 
given  crop  requires  (p.  885). 

Now  the  quantity  of  some  of  these  substances  which  is 
necessary  to  plants  is  so  very  small,  that  nothing  but  a  re- 
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fined  analysis  of  a  soil  is  capable,  in  many  cases,  of  deter- 
mining whether  they  are  present  in  it  or  not-— much  less  of 
explaining  to  what  its  peculiar  defects  or  excellencies  may- 
be owing — what  ought  to  be  added  to  it  in  order  to  render 
it  more  productive — or  why  certain  remarkable  effects  are 
produced  upon  it  by  the  addition  of  mineral  or  animal 
manures. 

Thus,  for  example,  half  a  grain  of  gypsum  in  a  pound  of 
soil  indicates  the  presence  of  nearly  two  cwt.  in  an  acre* 
where  the  soil  is  a  foot  deep,— a  quantity  much  greater  than 
need  be  added  to  a  soil,  in  which  gypsum  is  almost  entirely 
wanting,  in  order  to  produce  a  remarkable  luxuriance  in  the 
red  clover  crop.  In  100  grains  of  the  soil,  this  quantity  of 
ffypsum  amounts  only  to  seven  thousandths  of  a  grain — 
Fyj^T*  o*"  0*007  grs.) — aproportionwhichonly  a  verycare- 
tuUy  conducted  analysis  would  be  able  to  detect,  and  yet 
the  detecting  of  which  may  alone  be  able  to  explain  the  an* 
like  effects  which  are  seen  to  follow  the  application  of  gyp- 
sum to  diff*erent  soib. 

Again,  the  phosphoric  acid  is  a  no  less  necessary  consti- 
tuent of  the  soil,  than  the  sulphuric  acid  contained  in  gyp-* 
sum.  This  acid  is  generally  in  combination  either  with 
lime,  with  oxide  of  iron,  or  with  alumina — and,  as  it  is 
much  more  difficult  even  to  detect  than  the  sulphuric  acid, 
requires  more  care  and  skill  to  determine  its  quantity  with 
any  degree  of  accuracy, — and  is  generally  present  even  in 
fertile  soils  in  a  still  smaller  proportion — ^it  is  obvious  that 
safe  and  useful  conclusions  can  be  drawn  only  from  such 
analyses  as  have  been  made  rigorously,  according  to  the 
best  methods,  and  with  the  greatest  attention  to  accuracy. 

There  are  cases,  no  doubt,  where  a  rough  analysis  may 
be  of  use,  where  the  cause  of  peculiarity  is  at  once  so  ob- 
vious that  further  research  is  unnecessary — as  where  mere 
washing  with  water  dissolves  out  a  noxious  substance,  such 
as  sulphate  of  iron  (green  vitriol).  But  such  cases  are  com- 
paratively rare,  and  it  more  frequently  happens,  that  the 
cause  of  the  special  qualities  of  a  soil  only  begins  to  mani- 
fest itself  when  a  carefully  conducted  analysis  approaches 
to  its  close.    I  shall,  therefore,  briefly  describe  to  you  the 
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methods  to  be  adopted,  in  order  to  arrive  at  these  more  ac- 
curate experimental  results.* 

§  8.  Of  <Ae  ex€Ui  chemical  corutUuUon  of  certain  taUs^  and 
of  the  results  to  be  deduced  from  them. 

But  the  importance  of  this  attentiod  to  rigorous  analysis 
will  more  clearly  appear,  if  I  exhibit  to  you  the  constitu- 
tion of  a  few  of  the  numerous  soils  analyzed  by  Sprengel, 
in  connection  with  the  agricultural  qualities  and  capabili- 
ties by  which  they  are  severally  dtstinguished.f 

I. — FXRTILB    SOILS. 

Soils  are  fertile  which  contain  a  sufficient  supply  of  all 
the  mineral  constituents  which  the  plants  to  be  grown  upon 
them  are  likely  to  require. 

1^.  Patfure.-— The  following  numbers  exhibit  the  con- 
stitution of  the  surface  soil  in  three  fertile  alluvial  districts 
of  Hanover,  where  the  land  had  been  long  in  pasture. 

Son  new       From  the  bttnln  of  the  Weeer, 
Oeterbraeb.        netr  Hoya.    near  Weseite. 
6tlica,Qxiait£,  Sand,  and  8ilicale8.84'510 
Alomina       ....         6*435 
Oxides  of  Iron  '3*395 

Oxide  of  Manganese    .  0*450 

Lime 0*740 

Magnesia  ....  0*525 
Potash  and  Sodaextmetedby  watar.O-OOa 
Phosphoric  Acid  .  0*120 

Sulphuric  Acid     .  .         0H)46 

Chlorine  in  common  Salt  0-006 

Hnmic  Acid  0*780 

Insoluble  Humus .  2^5 

Organic  matters  containing  nitro- 

Wren           ....  0*960 

ater 0*099 


71*849 

83-318 

9-350 

3-085 

5-410 

5*840 

0*925 

0*630 

0*987 

0*730 

0-245 

0120 

0*007 

0-005 

0*131 

0065 

0174 

0*025 

0003 

0O06 

1270 

0*800 

7-550 

4126 

2*000 

1*230 

O-lOO 

0*050 

100  100  100 

These  soils  had  all  been  long  in  pasture*  the  second  is 
pecially  celebrated  for  fattening  cattle  when  under  grass. 

*  As  these  methods  of  analysis  involye  considerable  detail,  I  have 
transferred  them  to  the  Appenmx.— (Sm  Appendix^p,  41.) 

t  The  following  analysis  are  selected  firom  a  much  greater  number 
made  by  Sprenge^  and  embodied  in  his  wovk  on  soils. — Du  Bodet^ 
kiutdt, 
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It  will  be  observed  tbat  in  none  of  them  is  any  of  the  mi- 
neral  ingredients  wholly  wanting,  though  in  all  the  quantity 
of  potash  and  soda  capable  of  l^ing  extracted  by  water  is 
very  small.  This  is  ascribed  to  the  fact  of  their  having 
been  long  in  pasture,  during  which  the  supply  of  these  8ub> 
stances  is  gradually  withdrawn  by  the  roots  of  the  grasses. 
It  is  well  known  how,  in  our  ordinary  soils,  grass  is  often 
renovated — how  the  mosses,  especially,  are  destroyed — by  a 
dressing  of  wood  ashes,  which  owe  their  effect  to  the  alkali 
they  contain.  In  the  above  soils  the  gradual  decomposititm 
of  the  ^sUicates  would  continue  to  supply  a  certain  portion 
of  alkaline  matter  for  an  indefinite  period  of  time. 

You  will  perceive  that  the  soil  which  is  the  most  celebrated 
for  \\»fatiemng  power,  is  also  the  richest  in  alumina,  linie, 
phosphoric  acid,  sulphuric  acid,  and  vegetable  matter. 

2°.  Arable* — ^The  following  table  exhibits  the  constitu- 
tion of  three  soils,  celebrated  for  yielding  successive  crops 
of  corn  for  a  long  period  without  manure* 


1. 

From  Nebtsein, 

near  Olmutz, 

in  Moravia. 

Silica  nnd  fine  Sand  77-209 

Alumina  .  8*514 

Oxides  of  Iron .  6-592 

Oxide  of  Manganese   1*590 


2. 


From  the  banks  of  the 

Ohio,  North  America. 

Soa 

SubaoU. 

87143 

94261 

5-666 

1-376 

2-220 

2-336 

0-360 

1200 

From  the  polder 

of  Alc-Arenbeis, 

in  Belgium. 

64-517 

4-810 

8-316 

0-800 


Lime 


0-927 


Magnesia.  1*160 

Potash  chiefly  com- 
bined with  Silica  .  0*140 

Soda,  ditto  .  0-640 

PhosphoricAcid  com- 
bined with  Lime 
and  Oxide  of  Iron,  0  651 

Sulphuric  Acid  in 

^psum  0011 

Chlorine  in  com- 
mon salt  0010 

Carbonic  Acid  uni- 
ted to  the  Lime    .     — 

Humic  Acid    .  0-978 

Insoluble  Humus      0*540 

Organic  substances 
containing  nitrogen.l  '108 


0-664 
0*312 

0*120) 
0-025  { 

0-060 

0<I27 

0-036 

0060 
1-304 
1072 


1011  — 


A^^«  Caih.  of 
0^43    Lima. 


0-310 


0*34' 


trace 
0-034 


trace 


9-408 

Cait.  af  -^^- 
lUf.     10-361 


! 


0-100 
0O13 


1-221 
0O09 
0-003 


0-447 


100 


100 


100 


100 
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Of  these  soils,  the  first  had  been  cropped  for  160  years  suc- 
cessively, without  either  manure  or  naked  fallow.  The 
second  was  a  virgin  soil,  celebrated  for  its  fertility.  The 
third  had  been  unmanured  for  twelve  years,  during  the  last 
nine  of  which  it  had  been  cropped  with  beans — barley — po- 
tatoes— ^winier  barley  and  red  clover— clover — winter  bar- 
ley— wheat — oats — naked  fallow. 

Though  the  above  soils  differ  considerably,  as  you  see, 
in  the  proportions  of  some  of  the  constituents,  yet  they  all 
agree  in  this — that  they  are  not  destitute  of  any  one  of  the 
mineral  compounds,  which  plants  necessarily  require  in 
sensible  quantity.  You  will  also  observe  how  comparatively 
small  a  proportion  of  vegetable  matter,  less  than  half  a  per 
cent.,  is  contained  in  the  fertile  Belgian  soil — a  fact  to 
whiclk  I  shall  by-and-bye  re^call  your  attention. 

8^.  Soils  which  have  a  natural  source  of  fertility. — Some 
soils,  which  by  their  constitution  are  not  fitted  to  exhibit 
any  great  degree  of  fertility,  or  for  a  very  long  period,  are 
yet,  by  springs  or  otherwise,  so  constantly  supplied  with  so- 
luble saline,  and  other  substances,  as  to  enable  them  to  yield 
a  succession  of  crops,  without  manure,  and  without  appa- 
rent deterioration.  Such  is  the  case  with  the  following  soil 
from  near  Rothenfelde,  in  Osnabruck,  which  gives  excellent 
crops,  though  manured  only  once  in  10  or  12  years. 

Silica  and  coarse  Gluartz  Sand  86*900 

Akunina 3000 

Oxides  of  Iron  and  a  little  Phosphoric  Acid  9'900 

Oxide  of  Manganese  0*100 

Carbonate  and  a  little  Phosphate  of  Lime    .  4*160 

Carbonate  of  Magnesia         ....  0*590 

Potash  and  Soda 0*035 

Phosphoric  Acid 0*090 

Sulphuric  Add 0021 

Chlorine OOlO 

Humic  Acid 0*544 

Insoluble  Humus 3*370 

Organic  matter  containing  Nitn^n            .  0*190 

100 

Tou  will  see  that,  although  in  this  soil  all  the  inorganic 

substances  are  really  present,  yet  the  potash  and  soda,  the 

phosphoric  and  sulphuric  acids,  and  the  chlorine,  are  not  in 

such  abundance  as  to  justify  us  in  expecting  it  to  grow  any 
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long  succesBtoD  of  crops,  without  exhibiting  the  usnal  evi* 
dences  of  exhaustion.  But  it  lies  on  the  side  of  a  hill 
which  contains  layers  of  lime-stone  and  marl,  through 
which  the  surface  waters  find  their  way.  These  waters 
afterwards  rise  into  the  soil  of  the  field,  impregnated  with 
those  various  substances  of  which  the  soil  is  in  want,  and 
thus,  by  a  natural  manuring,  keep  up  a  constant  supply  for 
each  succeeding  crop. 

lliis  example  is  deserving  of  your  particular  attentioDt 
inasmuch  as  there  are  many  soils,  in  climates  such  as  ours, 
which  are  yearly  refreshed  from  a  similar  source.  Few 
spring  waters  rise  to  the  surface  which  are  not  fitted  to  im- 
part to  the  soil  some  valuable  ingredient,  and  which,  if  em. 
ployed  for  the  purposes  of  irrigation,  would  not  materially 
benefit  those  lands  especially,  on  which  our  pasture  grasses 
grow.  The  same  may  also  be  said  of  the  waters  which  are 
carried  off  in  some  places  so  copiously  by  drains.  Whether 
these  waters  rise  from  beneath  in  springs,  or  falling  in  raioy 
afterwards  sink  through  the  soil,  they  in  either  case  carry 
into  the  brooks  and  rivers  much  soluble  matter,  which 
the  plants  would  gladly  extract  from  them.  On  sloping 
grounds  it  would  be  a  praiseworthy  economy  to  arrest  these 
waters,  and,  before  they  escape,  to  employ  them  in 
irrigation. 

The  fact  that  nature  thus  on  many  spots  brings  up  from 
beneath,  or  down  from  the  higher  grounds,  continual  acces- 
sions of  new  soluble  matter  to  the  soil,  will  serve  to  explain 
many  apparent  anomalies,  and  to  account  for  tEe  continued 
presence  of  certain  substances  in  small  quantity,  althousfa 
year  by  year  portions  of  them  are  carried  off  the  land  in 
the  crops  that  are  reaped,  while  no  return  is  made  in  the 
shape  oif  artificial  manure.  It  will  also  in  some  instances 
account  for  the  fact  that,  after  a  hard  cropping,  prolonged 
until  the  soil  has  become  exhausted,  a  few  years'  rest  will 
completely  re-invigorate  it,  and  render  it  fit  to  yield  new  re- 
turns  of  abundant  corn.  Other  causes,  as  we  shall  here- 
after see,  generally  operate  in  bringing  about  this  kind  of 
natural  recovery,  but  there  can  be  no  question  that  in  cir- 
cumstances such  as  I  have  now  adverteid  to,  this  recovery 
may  be  effected  in  a  much  shorter  period  of  time. 
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4®.  Importance  cf  depth  and  uniformity  of  jotZ.— "If  the 
surface  soil  be  of  a  fertile  quality,  ample  returns  will  be  sure 
from  many  cultivated  crops.  But  where  the  subsoil  is 
similar  in  composition  to  that  of  the  surface— not  only  may 
the  fertility  of  the  land  be  considered  as  almost  inexhausti« 
ble,  but  those  crops  also  which  send  their  roots  far  down 
will  be  able  permanently  to  flourish  in  it.  This  fact  is 
illustrated  by  the  composition  of  the  following  soils  from 
the  neighbourhood  of  Brunswick  :*- 

1.  3. 


/ ^ 


Boil.  ButMoiL  Babioil.     \ 

Silica  and  fine  Ouartz  Sand  .    .    .  94*734  97*340  90035 

Alumina 1*638  0*806  1*976 

Oxide*  of  Iron \   ^^ocn  i  M36  6-815 

Ozidea  of  Manganese S  t0075  0*340 

Lime 1038  0*396  0*033 

Magnesia trace  0*095  0*115 

Potash  and  Soda 0077  0*113  0*300 

Phosphoric  Acid 0*034  0015  0*098 

Sulphuric  Acid 0*010  trace  1*399 

Chlorine 0*037  trace  trace 

HumicAcid 0*303  0135  ^ 

Insoluble  Humus 0*310  —  — 

100  100  100 

The  first  of  these  soils  produced  excellent  crops  of  all 
deep-rooted  plants-— lucerne,  sainfoin  (esparsette),  hemp» 
carrots,  poppies,  dec. — ^and  with  the  aid  of  gypsum,  red 
clover,  and  leguminous  plants  (vetches,  peas,  and  beans}! 
in  great  luxuriance.  The  former  of  these  facts  is  ex- 
plained by  the  great  similarity  in  constitution  which  exists 
between  the  surface  and  the  under  soils.  To  deep-rooted 
plants  also  the  magnesia,  in  which  the  surface  is  deficient, 
is  capable  of  being  supplied  by  the  under  soil.  The  effect 
of  the  gypsum  is  accounted  for  by  the  almost  total  absence 
of  sulphuric  acid  in  the  subsoil,  but  which  the  application 
of  gypsum  has  introduced  into  the  upper  soil. 

The  second  soil  was  taken  from  a  field  in  which  sainfoin 
died  regularly  in  the  second  or  third  year  after  it  was  plant- 
ed. This  was  naturally  attributed  to  something  in  the  sub- 
soil.  And  by  the  analyses  above  given,  it  was  found  to  con- 
tain much  sulphuric  acid  in  combination  with  oxide  of  iron, 

36* 
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tanning  sulphate  of  iron  (green  TUriol).  This  salt  being 
aoiious  to  plantst  began  to  act  upon  the  crop  of  sainfoin  as 
soon  as  the  roots  had  gone  so  deep  as  to  draw  sufficient 
supplies  from  the  subsoil*  and  it  thus  gradually  poisoned 
them,  so  that  they  died  out  in  two  or  three  years. 


n. — BABXE7X  OR  UNFBUITFUL  SOILS. 

Soils  are  unfruitful  or  altogether  barren,  either  when  they 
contain  too  little  of  one  or  more  of  the  inorganic  constitn- 
ents  of  plants,  or  when  some  substance  is  present  in  them 
in  such  quantity  as  to  become  hurtful  or  poisonous  to  yege> 
tation.  The  presence  of  sulphate  of  iron  in  the  subeoU 
just  described  is  an  illustration  of  the  latter  fact — ^in  what 
way  the  deficiency  of  certain  substances  really  does  afiect 
the  agricuitural  capabilities  of  the  soil  will  af^Mar  from  the 
following  analyses : — 

1.  3.  3.  4. 

^SSTASriS"*         i^^    •S^neLr  ¥uS£ 

Soil     SabflOfL  hood.  ban.  hauaen. 

Silica  Ac  Ctuarts  Sand  70-576-95190  61-576  96*000  77780 

Alumina      ....    1060—  2-590  0*450  0-500  9-490 

Oxides  of  Iron  .    .    .    0-253—  1-460  0-524  2-000  5*800 

Oxide  of  Manganese  .    trace — 0-048  trace  trace  0-105 

Lime do.  —  0-336  0-320  0^1  0-866 

Magneua     ....    0K)12—  0125  0-130  tnoa  0-728 

Potash trace —  0*072  tiaca  do.  trace 

Soda do.        0-180           do.  do.  do. 

Phosphoric  Acid  .    .      do.       0-084           do.  do.  (HX& 

Sulphuric  Add     .    .      do.       0-020           do.  do.  tnce 

CariionicAGid      .    .      —          —            —  —  0200 

Chlorine trace—  0*015  trace  trace  tnoe 

HumicAcid     .    .    .11-910—    —  11-470  0-200  0-732 

Insoluble  Humus  .    .16-200—    —  25-530  1-299  (HXIO 

Water —           —            —  —  4*096 

100         100  100  100  100 

Each  of  these  analyses  is  deserving  of  attention. 
1^.  That  the  barrenness  of  the  moor-land  soils  (1  and  2}  is 
to  be  attributed  to  their  deficiency  in  the  numerous  substances 
of  which  they  contain  only  traces,  may  almost  be  said  to  be 
proved  by  the  fact— one  long  recognised  and  acknowledged 
on  many  of  our  own  moor*lands  and  peaty  soils — that  when 
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dressed  with  a  covering  of  the  subsoil  they  become  capable 
of  successful  cultiTatioD.  The  analysis  of  the  subsoil  in 
the  second  column  shows  that  it  contains  aU  those  minered 
eonstUuenU  in  which  the  soil  itself  is  defective — and  to  the 
effect  of  these,  therefore,  the  improvement  produced  upon 
the  soil  by  bringing  it  to  the  surface,  is  altogether  to  be 
attributed. 

29.  The  sandv  soil,  No.  8,  is  evidently  barren  for  the 
same  reason  as  the  moor-land  soils,  1  and  2.  The  soil  No. 
4  rests  on  lime-stone,  and  was  mixed  with  7  per  cent,  of 
lime*stone  gravel,  and  contains  a  great  number  of  the  sub- 
stances which  plants  require — but  its  unfruitfulness  is  to  be 
ascribed  to  the  want  of  potash  and  soda,  of  sulphuric  acid 
and  of  chlorine.  Wood  ashes  and  a  mixture  of  common 
salt  with  ^psum  or  sulphate  of  soda,  would  probably  have 
remedied  tnese  defects. 

3^.  Among  the  fertile  soils  to  which  I  recently  directed 
your  attention  (p.  414),  was  one  from  Belgium,  in  which  the 
proportion  of  organic  matter  was  less  than  half  a  per  cent, 
of  its  whole  weight.  In  the  above  table,  on  the  other  hand, 
we  have  two  nearly  barren  soils,  containing  each  11  per  cent, 
of  humic  acid,  besides  a  much  larger  proportion  of  insoluble 
organic  matter.  It  is  obvious,  therefore,  that  the  fertility 
of  a  soil  is  not  dependant  upon  its  containing  this  or  that 
proportion  of  vegetable  matter,  either  in  a  soluble  or  an  in- 
soluble form.  It  is  certainly  true  that  many  very  fertile 
soils  do  contain  a  considerable  quantity  of  oreanic  matter, 
in  a  form  in  which  it  may  readily  yield  nourishment  to  the 
roots  of  plants.  Yet  such  soib  are  not  fertile  merely  in 
consequence  of  the  presence  of  this  organic  matter,  as  a 
source  of  organic  food  to  the  plant.  It  may  be  present,  and 
yet  the  soils,  like  those  above-mentioned,  may  remain 
barren.  Where  stnls  become  fertile  apparently  by  the  long 
accumulation  of  such  vegetable  matter  in  the  soil,  it  is  not 
merely  because  of  the  increase  of  purely  organic  substances 
such  as  the  humic  and  ulmic  acidis,  but,  because,  as  I  have 
already  had  occasion  to  mention  to  you,  the  decaying  vege- 
table matter  which  produces  them  contains  also^  and  yields 
to  the  soil,  a  considerable  abundance  of  some  of  those  in- 
organic substances  which  plants  necessarily  require.    The 
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organic  matter  is  an  indication  of  their  presence  in  such  soils. 
But  they  may  be  present  without  the  organic  matter.  They 
may  either  be  duly  proportioned  in  the  soil  by  nature — or 
they  may  be  artificially  mixed  with  it,  and  then  this  use  of 
the  organic  matter  may  be  dispensed  with.  It  is  of  more 
importance  to  bear  this  in  mind,  because  not  only  vegetable 
physiologists,  but  some  zealous  chemists  also,  have  laid 
great  stress  upon  the  quantity  of  soluble  and  insoluble  organic 
matter  contained  in  a  soil,  and  have  been  led  to  consider  it 
as  a  safe  index  of  the  relative  fertility  of  different  soils. 

The  histor}'  of  science  shows,  by  many  examples,  that  those 
men  who  adopt  extreme  views, — who  attempt  to  explain  all 
phenomena  of  a  given  kind,  by  reference  to  a  single  specific 
cause— have  ever  been  of  very  great  use  in  the  advancement 
of  certain  knowledge.  Their  arguments,  whether  well  or 
ill  founded,  lead  to  discussion,  to  further  investigation,  to 
the  discovery  of  exceptional  cases,  and,  finally,  to  the 
general  adoption  of  modified  views  which  recognise  the 
action  of  each  special  cause  in  certain  special  cases,  but  all 
in  subordination  to  some  more  general  principle. 

Thus,  if  some  ascribe  the  fertility  of  the  soil  to  the  pre- 
sence of  the  alkalies  in  great  abundance,  others  to  that  of 
the  phosphates,  others  to  that  of  lime,  others  to  that  of 
alumina,  and  others,  finally,  to  that  of  vegetable  matter  in 
a  soluble  state — all  these  extreme  opinions  are  reconcilcNl, 
and  their  partial  truths  recognised,  in  one  general  principle, 
that  a  9oU  to  be  fertile  must  contain  all  the  substances  which 
the  plant  we  desire  to  grow  can  only  obtain  from  the  soil,  and 
in  such  abundance  as  readily  to  supply  all  its  wants  ;  while 
at  the  same  time  it  must  contain  nothing  hurtful  to  vegetable 
life. 

Ur. — SOILS   CAPABLB   OF  IHPBOYBMBIfT  BT   THB    ADDITION 

OF  MINBBAL  MATTEB. 

On  the  principle  above  stated  depends  in  very  many 
cases  the  mode  of  improving  soils  by  the  addition  of  mineral 
substances,  as  well  as  the  method  of  explaining  the  re- 
markable  efifects  occasionally  produced  by  their  mixture 
with  the  land.  The  following  analyses  will  place  this 
matter  in  a  clearer  light  :•— 
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Silica  and  GUxartz  Sand 
Alumina 
Oxide  of  Iron . 
Oxide  of  Manganeee 
Lime 
Magnesia 

Potash  (chiefly  in  combi- 
nation with  Silica 
Soda    (do.)    . 
Phosphoric  Acid    . 
Sulphuric  Acid 
Chlorine  in  common  S 
HmnicAdd  . 
Other  Oi^ganic  matter 


X. 

2. 

3. 

4. 

Soil  near  Par 

Near  Draken- 

Near  Oandera- 

Near 

dingbttttelf  on 

buff,  on  the 

heiiDfin 

Brans- 

tbeWeser. 

Bmnswlck. 

wick. 

.  93  720 

92^4 

90-221 

95-698 

.    1-740 

2  652 

2106 

0504 

.    3-060 

3-192 

3-9  1 

2-496 

.    0-3d0 

0-480 

0960 

tzaca 

.    0121 

0-243 

0-539 

0-038 

.    0-700 

• 

0700 

0-730 

0-147 

~    (HM 

0-125 

0-066   \ 
0-010   { 

0H)90 

.    0-109 

0-026 

.    0-103 

0-078 

0367 

0-164 

.    0-005 

trace 

trace 

OHW? 

It    OKM 

trace 

o-oio 

0010 

.    0-890 

0-340 

0-900 

0*626 

.    0-120 

0*150 

0140 

0220 

100 


100 


100 


100 


The  first  of  these  soils  produces  naturally  heautiftd  red 
clover — the  second  produces  very  bad  red  clover.  On  com- 
paring the  constitution  of  the  two  soils,  we  see  the  second 
to  be  deficient  in  sulphuric  acid  and  chlorine.  A  dressing 
of  gypsum  and  common  salt  would  supply  these  deficient 
cies,  and  render  it  capable  of  producing  this  kind  of  clover. 
The  third  soil  is  remarkable  for  growing  luxuriant  crops  of 
pulse,  when  manured  with  gypsum.  The  almost  total  ab- 
sence of  sulphuric  acid  explains  this  effect.  The  fourth 
soil  was  greatly  improved  by  soap-boiler's  ash,  which  sup- 
plied it  with  lime,  magnesia,  manganese,  and  other  sub- 
stances. 


I  need  not  further  multiply  examples  to  show  you  how 
DQUch  real  knowledge  is  to  be  derived  from  a  rigidly  accurate 
analysis,  not  only  in  regard  to  the  agricultural  capabilities 
of  a  soil,  bat  also  in  regard  to  the  natural  and  necessary 
food  of  plants,  and  to  the  manner  in  which  mineral  ma* 
nares  act  in  promoting  and  increasing  their  growth.  The 
illustrations  I  have  already  presented  will  satisfy  you—- 

1^.  That  a  fertile  soil  must  contain  all  the  inorganic  con- 
stituents which  the  plant  requires,  and  none  that  are  likely 
to  do  it  an  injury. 

2^.  That  if  the  addition  of  a  given  manure  to  the  soil 
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render  it  more  fertile — it  is  because  the  soil  was  defective  in 
one  or  more  of  those  substances  which  the  manure  con- 
tained. 

3^.  That  if  a  given  application  to  the  land  fail  to  im- 
prove it — of  gypsum,  of  bone-dust,  of  common  salt,  for  ex- 
ample— it  is  because  enough  of  the  substance  applied  is  al- 
ready present,  or  because  something  else  is  still  wanting 
to  render  the  previous  additions  available. 

4^.  That  the  result  of  extended  experience  in  our  coan- 
try,  that  the  clay  soils  are  best  for  wheat,  and  sandy  soils^ 
such  as  that  of  Norfolk,  for  barley,  is  not  to  be  considered 
as  anything  like  a  law  of  nature,  setting  aside  the  clay 
land  for  the  special  growth  of  wheat,  and  denying  to  the 
sandy  soils  the  puwer  of  yielding  abundant  crops  of  tfab 
kind  of  grain.  Almost  every  district  can  present  examples 
of  well  cultivated  fields,  where  the  contrary  is  proved — end 
the  wheat  crops  which  are  yearly  reaped  from  the  sandy 
plains  of  Belgium,  demonstrate  it  on  a  more  extended  scale. 

Chemically  speaking,  a  soil  will  produce  any  crop  abun- 
dantly, provided  it  contain  an  ample  supply  of  all  that  the 
crop  we  wish  to  niise  may  happen  to  require.  But  in  prac- 
tice, soils  which  do  contain  all  these  substances  plentifully, 
are  yet  found  to  differ  in  their  power  of  yielding  plentiful 
returns  to  the  husbandman.  Such  difTerenccs  arise  from 
the  climate,  the  exposure,  the  colour,  the  fineness  of  the 
particles,  the  lightness  or  porosity  of  the  soil — ^from  the 
quantity  of  nK)isture  it  is  capable  of  retaining,  or  from 
some  other  of  its  numerous  physical  properties.  These 
physical  properties,  therefore,  it  is«  necessary  shortly  to  con- 
sider. 

§  4.  Of  the  phtfsical  properties  of  soils* 

To  the  physical  properties  of  soils,  was  formerly  ascribed  a 
much  more  fundamental  importance  than  we  can  now  attach 
to  them.  Crome  and  Schiibler  regarded  the  fertility  of  a  soil 
as  entirely  dependant  upon  its  physical  properties.  Influenced 
by  this  opinion,  the  former  published  the  results  of  an  exami- 
nation of  numerous  soils  in  the  Prussian  provinces,  which  aro 
now  possessed  of  no  scientific  interest ;  because  they  merelT 
indicate  the  amount  of  clay,  sand,  and  vegetable  matter  which 
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these  8oib  severally  contained.*  The  latter  completed  a 
very  elaborate  examination  of  the  physical  properties  of 
soils,  which  is  very  useful  and  instructive  ;f  but  the  defec- 
tive nature  of  which,  in  accounting  for  their  agricultural 
capabilities,  became  evident  to  the  author  himself,  when  the 
more  correct  and  scientific  views  of  Sprengel,  illustrated  in 
the  preceding  section,  afterwards  became  known  to  him. 
In  giving,  therefore,  their  due  weight  to  the  physical  pro- 
perties, we  must  not  forget  that  in  nature  they  are  subordi- 
nate to  the  chemical  constitution  of  soils.  Plants  may  grow 
upon  a  soil,  whatever  its  physical  condition — if  all  the  food 
they  require  be  within  their  reach — while,  however  favour- 
able the  physical  condition  may  be,  nothing  can  vegetate 
in  a  healthy  manner,  if  the  soil  be  deficient  in  some  neces- 
sary kind  of  food,  or  contain  what  is  destructive  to  vegetable 
life. 

Of  the  physical  properties  of  soils  the  most  important  are 
their  density,  their  power  of  absorbing  and  retaining  water 
and  air,  their  capillary  action,  their  colour,  and  their  con- 
sistence or  adhesive  power.  There  are  one  or  two  others, 
however,  to  which  it  will  be  necessary  shortly  to  advert. 

I. ^MKCHANICAL  RELATIONS  OF  SOILS. 

1^.  like  density  and  absolute  weight  of  a  «otZ.-^Some 
floib  are  much  heavier  than  others,  not  merely  in  the  ordi- 
nary sense  of  heavy  and  light,  as  denoting  clayey  and 
sandy  soils,  but  in  reference  to  the  absolute  weight  of  equal 
bulks.     Thus  a  cubic  foot  of  dry 

Siliceous  or  CalcareouB  Sand — ^weigha  about    110  Iba. 
Half  Sand  and  half  Clav      ....      95 
Of  common  arable  Land,  from     .  80  to  90 

Of  pure  agricultural  Clay  (page  340)  .      75 

Of  garden  Mould,  licher  in  vegetable  matter      70 
Of  a  peaty  Soil,  from  .     30  to  50 

Sandy  soils,  therefore,  are  the  heaviest.  The  weight 
diminishes  with  the  increase  of  clay,  and  lessens  still  further 
as  the  quantity  of  vegetable  matter  augments. 

In  practice,  the  denser  a  soil  is,  the  less  injury  will  be 

•  Recorded  in  his  QrwndstUae  der  AgricuUwr  Ckemie, 
t  Der  Baden  and  tiin  verksUmist  z%  den  QeuMat%» 
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done  to  the  land  by  the  paflsage  of  carta  and  the  treading  of 
cattle  in  the  ordinary  operations  of  husbandry.  In  a 
theoretical  point  of  view  it  is  of  consequence  to  vegetationv 
chiefly  in  so  far  as,  according  to  the  experiments  of  SchuUer, 
the  denser  soils  retain  their  warmth  for  a  longer  period 
when  the  sun  goes  down,  or  a  cold  wind  comes  on.  Thus 
a  peaty  soil  will  cool  as  much  in  an  hour  and  a  half  as  a 
pure  clay  in  two  or  a  sand  in  three  hours. 

2^.  Of  the  state  ofdwieian  of  the  oonttkueni  parU  of  the 
foil.— with  the  relative  weight  of  different  soils,  their  state 
of  division  is  in  some  degree  connected.  Some  soils  con- 
sist of  an  admixture  of  exceedingly  fine  particles  both  of 
sand  and  clay — ^while  in  others,  coarse  sand,  stones  and 
gravels,  largely  predominate.  There  can  be  no  doubt  that 
the  state  of  a  soil  in  this  respect  has  a  material  influence 
upon  its  productive  character,  and  consequently  upon  its 
money  value,  since  the  labours  of  the  husbandman  in  lands 
of  a  stiffer  and  more  coherent  nature,  are  chiefly  expended 
in  bringing  them  into  this  more  favourable  powdeiy  con* 
dition.  In  the  description  and  examination  of  a  soil,  there- 
fore, this  property  ought  by  no  means  to  be  passed  lightly 
over — since  it  is  one  in  regard  to  which  a  mere  chemical 
analysis  gives  us  little  or  no  information. 

In  some  parts  of  the  country  the  farmer  diligently 
ffathers  the  stones  off  his  land,  while  in  others  the  practice 
IS  condemned  as  hurtful  to  the  arable  crops.  The  latter 
ihct  is  explained  by  supposing  that  these  stones  in  winter 
afford  shelter  to  the  winter-corn,  and  in  warmer  seasons 
protect  the  ground  in  some  degree  from  the  drying  winds, 
and  retain  ^neath  them  a  supply  of  moisture  of  which  the 
neighbouring  roots  can  readily  avail  themselves. 

8^.  FimMesM  tmdadhesive  power  of  moUm. — ^When  soils  dry 
in  the  air  they  cohere  and  become  hard  and  stiff  in  a  greater 
or  less  degree.  Pure  siliceous  sands,  alone,  do  not  at  all  co- 
here when  dry— 'While  pore  clays  become  hard  and  very  diffi- 
cult to  pulverize.  In  proportion  to  the  quantity  of  sand  with 
which  the  latter  are  mixed,  do  their  tenacity  and  hardness  di- 
minish.  The  difficulty  of  reducing  clays  to  a  fine  powder  in 
the  open  field,  or  of  bringing  them  into  a  good  tilth,  may  be 
overcome,  therefore,  by  an  admixture  of  sand  or  gravel,  bat 
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tkere  are  few  localities  where  the  expense  of  such  an  opera- 
tion does  not  present  an  insurmountable  obstacle*  'fho- 
rough  draining,  however,  subsoil  ploughing,  and  earful  til- 
lage, will  ^[radually  bring  the  most  refractory  soils  of  this 
character  into  a  condition  in  which  they  can  be  more  per- 
fectly and  more  economically  worked* 

S<m18  also  adhere  to  the  plough  in  different  degrees,  and, 
tlierefore,  present  a  more  or  less  powerful  obstruction  to  its 
passage.  All  soils  present  a  greater  resistance  when  wet 
than  when  dry,  and  all  considerably  more  to  a  wooden 
than  to  an  iron  plough.  A  sandy  soil  when  wet  offers 
a  resistance  to  the  passage  of  agricultural  implementsi 
equal  to  about  4  lbs.  to  the  square  foot  of  the  surface  which 
passes  through  it— a  fertile  vegetable  soil  or  rich  garden 
mould  about  6  lbs*,  and  a  clay  from  8  to  25  lbs.  to  the  square 
foot*  These  differences  will  naturally  form  no  inconsider- 
able items  in  the  calculations  of  the  intelligent  farmer  when 
he  estimates  the  cost  of  working,  and  the  consequent  rent 
he  can  afford  to  pay  for  this  or  that  soil,  otherwise  equal  in 
value* 

n.   RELATIONS  OF  SOILS  TO  WATER* 

1^.  Power  of  imbibing  moisture  from  the  air. — When  a 
portion  of  soil  is  dried  carefully  over  boiling  water,  or  in  an 
oven,  and  is  then  spread  out  upon  a  sheet  of  paper  in  the 
open  air,  it  will  gradually  drink  in  watery  vapour  from  the 
atmosphere,  and  will  thus  increase  in  weight*  In  hot  cli* 
mates  and  in  dry  seasons  this  property  is  of  great  impor- 
tance, restoring  as  it  does,  to  the  thirsty  soil,  and  bringing 
within  the  reach  of  plants,  a  portion  of  the  moisture  which 
during  the  day  they  had  so  copiously  exhaled* 

Different  soils  possess  this  property  in  unequal  degrees* 
During  a  night  of  12  hours,  and  when  the  air  is  moist,  ac- 
cording to  Schubler,  1000  lbs.  of  a  perfectly  dry 


Gtoartz  Sand  will  gain    0  lbs. 
Calcareous  Sand  3 

Loamy  SoU    .  21 


Clay  Loam  95  lbs. 

Pure  Agricultural'Clay  37 


and  peaty  soils,  or  such  as  are  rich  in  vegetable  matter,  a 
still  larger  quantity. 

Sir  Humphry  Davy  found  this  property  to  be  possessed  in 
PART  n.— 87 
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the  highest  degree  by  the  most  fertile  soils.  Thus,  when 
made  perfectly  dry,  1000  lbs.  of  a 

Very  fertile  Soil  from  East  Lothian  gained  in  an  hour    18  lbs. 
Very  fertile  Soil  from  Somersetshire    .  .        .16 

Soil  worth  458.  per  acre  from  Mersea,  in  Esaex  .        .    13 
Sandy  Soil  worth  2S's.,  from  Essex     .        .        .        .11 

Coarse  Sand  worth  only  Ids 8 

Soil  of  Bagshot  Heath 3* 

Fertile  soils,  therefore,  possess  this  property  in  a  very 
Cfmsiderable  degree,  and,  though  we  cannot,  by  determin- 
ing this  property  alone,  infer  with  safety  what  the  fertility 
of  a  soil  is  likely  to  prove — since  peaty  soils  and  very  strong 
clays  are  still  more  absorbent  of  moisture,  and  since  this 
property  is  only  remotely  connected  with  the  special  che* 
inical  constitution  of  a  soil — ^yet  among  arable,  sntndy,  and 
loamy  lands  it  certainly  does,  as  Sir  Humphry  Davy  states, 
afford  one  means  of  judging  of  their  relative  agricultarai 
capabilities. 

2**.  Poieer  of  containing  or  holding  voter, — If  water  be 
poured  drop  by  drop  upon  a  piece  of  chalk  or  of  pipe-clay. 
It  will  sink  in  and  disappear,  but  if  the  dropping  be  con- 
tinued, the  pores  of  the  earth  will  by  degrees  become  filled 
with  water,  and  it  will  at  length  begin  to  drop  out  from  the 
under  part  as  it  is  added  al)ove.  This  property  is  exhibited 
in  a  certain  degree  by  all  soils.  The  rain  fulls  and  is 
drunk  in,  the  dew  also  descends,  and  is  thus  taken  posses- 
sion of  by  the  soil.  But  after  much  rain  has  fallen,  the 
earth  becomes  saturated,  and  the  rest  either  runs  off  from 
the  surface  or  sinks  through  to  the  drains.  This  happens 
more  speedily  in  some  soils  than  in  others.  Thus  from  106 
lbs.  of  dry  soil,  water  will  begin  to  drop — if  it  be  a 

Ctuartz  Sand,  when  it  has  absorbed     ....  25  lbs. 

Calcareous  Sand 29 

Jjoeany  Soil 40 

English  Chalk 46-J. 

Clay  Loam 50 

Pure  Clay 70 

but  a  dry  peaty  scil  will  absorb  a  very  much  larger  propor- 
tion (Schtibler),  before  it  suffers  any  to  escape.  Useful  ara- 
ble  soils  are  found  to  be  capable  of  thus  containing  from  40 

*  Sir  H.  Davy's  works,  vol.  vii.,  p.  326. 


THBIB  POWBH  OF  RBTAININO  WATER.  427 

to  70  per  cent,  of  their  weight  of  water.  If  the  quantity 
be  less  than  this,  the  soils  are  said  to  be  best  adapted  for 
pine  plantations,  if  greater,  for  laying  down  to  grass. 

In  dry  climates  this  power  of  holding  water  must  render 
a  soil  more  valuable,  whereas  in  climates  such  as  oursi  where 
rains  rather  over-abound,  a  simple  determination  of  this 
property  will  serve  to  indicate  to  the  practical  farmer  on 
which  of  his  fields  it  is  most  important  to  him,  in  reference 
to  surface  water,  that  the  operation  of  draining  should  be 
first  and  most  effectually  performed.  The  more  water  the 
soil  contains  within  its  pores,  the  more  it  has  to  part  with 
by  subsequent  evaporation  ;  and,  therefore,  the  colder  it  is 
likely  to  be.  The  presence  of  this  water  also  excludes  the 
air  in  a  great  degree,  so  that  for  these,  as  well  as  for  other 
reasons,  it  is  desirable  to  afibrd  every  facility  for  the  speedy 
removal  of  the  excess  of  water  from  such  soils  as  absorb  iU 
and  are  capable  of  containing  it,  in  a  very  large  propor- 
tion. 

S^*.  Power  of  retaining  toater  when  exposed  to  (he  air,^^ 
Unless  when  rain  or  dew  are  falling,  or  when  the  air  is  per- 
fectly saturated  with  moisture,  watery  vapour  is  constantly 
rising  from  the  surface  of  the  earth.  The  fields,  after  the 
heaviest  rains  and  floods,  gradually  become  dry,  though 
this,  as  every  farmer  has  observed,  takes  place  in  some  of 
his  fields  with  much  greater  rapidity  than  in  others.  Gene- 
rally speaking,  those  soils  which  are  capable  of  arresting 
and  containing  the  largest  portion  of  the  rain  that  falls,  re- 
tain it  also  with  the  greatest  obstinacy,  and  take  the  long- 
est time  to  dry.  Thus  a  sand  will  become  as  dry  in  one 
hour  as  a  pure  clay  in  three,  or  a  piece  of  peat  in  four  hours. 
This,  therefore,  not  only  explains,  and  shows  the  correct- 
ness of,  the  well-known  distinctions  of  warm  and  cold  soils, 
but  exhibits  another  strong  argument  in  favour  of  a  perfect 
drainage  of  stiff  soils  and  of  such  as  contain  a  large  pro- 
portion of  decaying  vegetable  matter. 

4<*.  Capillary  power  of  the  soil, — When  water  is  poured 
into  the  sole  of  a  fiower-pot,  the  soil  gradually  sucks  it  in 
and  becomes  moist  even  to  the  surface.  The  same  takes 
place  in  the  soil  of  the  open  fields.  The  water  from  be- 
neath— that  contained  in  the  subsoil — ^is  gradually  sacked 
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ttp  to  the  surface.  Where  water  is  present  ia  ezeess,  thiB 
capillary  action,  as  it  is  called,  keeps  the  soil  always  moist 
and  cold. 

The  tendency  of  the  water  to  ascend,  however,  is  not  the 
same  in  all  soils*  In  those  which,  like  sandy  soils  and  such 
as  contain  much  vegetable  matter,  are  open  and  porous,  it 
probably  ascends  most  freely,  while  stiff  clays  will  transmit 
It  with  less  rapidity.  No  precise  experiments,  however, 
have  yet  been  made  upon  this  subject,  chiefly,  I  believe,  b^ 
cause  thii<  property  of  the  soil  has  not  hitherto  been  con- 
sidered of  such  importance  as  it  really  is,  to  the  general 
v^etation  of  the  globe.     Let  us  attend  a  little  to  this  point 

I  have  already  drawn  your  attention  to  the  fact,  that  the 
specimens  of  soil  which  are  submitted  to  analysis  generally 
contain  very  little  saline  matter,  and  yet  that  in  a  crop  reap- 
ed from  the  same  soil  a  very  considerable  proportion  existe. 
This  I  have  attributed  to  the  action  of  the  rains  which  dissolve 
out  the  soluble  saline  matter  from  the  surface  soil,  and  as  they 
sink,  carry  it  with  them  into  the  subsoil ;  or  from  sloping 
grounds,  and  during  very  heavy  rains,  partly  wash  it  into  the 
brooks.  Hence  from  the  proportion  of  soluble  matter  present 
at  any  one  time  in  the  surface  soil,  we  cannot  safely  pronounce 
as  to  the  quantity  which  the  whole  soil  is  capable  of  yielding 
to  the  crop  that  may  be  grown  upon  it*  For  when  warm 
weather  comes  and  the  surface  soil  dries  rapidly,  then  by  ca- 
pillary action  the  water  rises  from  beneath,  bringing  with  it 
the  soluble  substances  that  exist  in  the  subsoil  through  which 
it  ascends*  Successive  portions  of  this  water  evaporate  from 
the  surface,  leaving  their  saline  matter  behind  them.  And  as 
this  ascent  and  evaporation  go  on  as  long  as  the  dry  weather 
continues,  the  saline  matter  accumulates  about  the  roots  of 
plants  so  as  to  put  within  their  reach  an  ample  supfJy  of 
every  soluble  substance  which  is  not  really  defective  in  the 
soil.  I  believe  that  in  sandy  soib,  and  generally  in  all  light 
soils,  of  which  the  particles  are  very  fine,  this  capillary  ac- 
tion is  of  great  importance,  and  is  intimately  connected 
with  their  power  of  producing  remunerating  crops*  They 
absorb  the  falling  rains  with  great  rapidity,  and  these  carry 
down  the  soluble  matters  as  tbey  descend-HM>  that  when  the 
eoil  becomes  soaked,  and  the  water  begins  to  flow  OT«r  ito 
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surface,  the  saline  matter  being  already  buried  deep,  is  id 
little  danger  of  being  washed  away.  On  the  return  of  dnr 
weather,  the  water  re*ascends  from  beneath  and  again  dif* 
fuses  the  soluble  ingredients  through  the  upper  soil. 

In  climates,  such  as  ours,  where  rains  and  heavy  dews 
frequently  fall,  and  where  the  soil  is  seldom  exposed  for  any 
long  period  to  hot  summer  weather  unaccompanied  by  rain, 
we  rarely  see  the  full  effect  of  this  capillary  action  of  the 
soil.     But  in  warm  climates,  where  rain  seldom  or  never 
falls,  the  ascent  of  water  from  beneath,  where  springs  hap- 
pen to  exist  in  the  subsoil,  goes  on  without  intermission. 
And  as  each  new  particle  of  water  that  ascends  brings  with 
it  a  particle,  however  small,  of  saline  matter  (for  such,  wa- 
ters are  never  pure),  which  it  leaves  behind  when  it  rises 
into  the  air  in  the  form  of  vapour,  a  crust,  at  first  thin,  but 
thickening  as  time  goes  on,  is  gradually  formed  on  the  sur- 
face of  the  soil.     Such  crusts  are  seen  in  the  dry  season-^ 
in  India,  in  Egypt,  and  in  many  parte  of  Africa  and  Amer- 
ica.    In  hot,  protracted  summers  they  may  be  seen  on  the 
surface  of  our  own  fields,  but  they  disappear  again  with  the 
first  rains  that  fall.     Not  so  where  rains  are  unknown.  And 
thus  on  the  arid  plains  of  Peru,  and  on  extensive  tracts  in 
Africa,  a  deposit  of  saline  matter,  sometimes  many  feet  io 
thickness,  is  met  with  on  the  surface  of  wide  plains,  in  the 
hollows  of  deep  vallies,  and  on  the  bottoms  of  ancient  lakes. 
Such  an  incrustation,  probably  so  formed,  is  the  bed  of  ni- 
trate  of  soda  in  Peru,  from  which  all  our  supplies  of  that 
salt  are  drawn,  such  are  the  deposits  of  carhonate  of  soda 
(trona)  which  form  a  considerable  article  of  commerce  in 
some  parts  of  Africa,  and  such   the  mineral  soda  (urao) 
extracted  from  the  soil  in  the  South  American  State  of  Co- 
lumbia. 

5".  CaniracHan  of  the  soil  on  drying* — Some  soils  in  dry 
weather  diminish  very  much  in  bulk,  shrink  in,  and  crack. 
Thus  after  being  soaked  by  rain,  pure  clay  and  peaty  soils 
diminish  in  bulk  about  one- fifth  when  they  are  again  made 
perfectly  dry-— while  sand  has  the  same  bulk  in  either  state. 
The  more  clay  or  vegetable  matter,  therefore,  a  soil  con- 
tains, the  more  it  swells  and  contracts  in  alternate  wet  and 
dry  weather.    This  contraction  in  stifi*  clays  can  scarcely 

37* 
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fail  to  be  occa«ioDally  injurious  to  young  roots  from  the  pies- 
sore  upon  the  tender  fibres  to  which  it  must  give  rise,  while 
in  light  and  sandy  soils  the  compreasion  of  the  roots  is  near* 
ly  uniform  in  all  weathers*  and  they  are  undisturbed  in  their 
natural  tendency  to  throw  out  ofiUhoots  in  every  direction. 
Hence  another  good  quality  of  light  soils,  and  a  leas  obvious 
benefit  which  must  necessarily  result  ftom  rendering  soils 
less  tenacious  by  admixture  or  otherwise. 

in. ^KBLATIONS  OF  THB  SOII.  TO  THB  ATMOSFHBBE. 

Power  of  absorbing  oxygen  and  other  gaseous  substances 
from  the  air, — 1^«  The  importance  of  the  oxygen  of  the  at- 
mosphere, first  to  the  germination  of  the  seed,  and  afterwards 
to  the  growth  of  the  plant,  I  have  already  sufficiently  insist- 
ed upon.  It  is  of  consequence,  therefore,  that  tftus  oxygen 
should  gain  access  to  every  part  of  the  soil,  and  thus  to  all 
the  roots  of  the  plant.  This  access  can  be  facilitated  by 
artificially  working  the  land,  and  thus  rendering  it  more 
porous.  But  some  soils,  in  whatever  state  they  may  be  in 
this  respect,  have  been  found  to  absorb  oxygen  with  more 
rapidity,  and  in  larger  quantity,  than  others.  Thus  clays 
absorb  more  oxygen  than  sandy  soils,  and  vegetable  moukls 
or  peats  more  than  clays.  This  difiference  depends  in  part 
upon  the  natural  porosity  of  these  difi*erent  soils,  and  in  part 
also  upon  the  chemical  constitution  of  each.  If  the  clay 
contain  iron  or  manganese  in  the  state  of  first  or  prot-oxides, 
these  will  naturally  absorb  oxygen  for  the  purpose  of  com* 
bining  with  it,-^while  the  decaying  vegetable  matter  will  in 
like  manner,  in  such  as  contain  it  largely,  drink  in  much 
oxygen  to  aid  their  natural  decomposition. 

2^.  Besides  the  gases,  oxygen  and  nitroffen,  of  which  the 
air  principally  consists,  the  soil  absorbs  a!bo  carbonic  acid 
from  the  atmosphere,  and  portions  of  those  various  vapours, 
—whether  of  ammonia  and  other  eflluvia  which  rise  from 
the  earth,  or  <^  nitric  acid  formed  in  the  air,— «nd  these,  in 
the  opinion  of  some  chemists,  contribute  very  materially  to 
its  natural  fertility.  This,  however,  is  very  much  a  matter 
of  conjecture,  and  no  experiments  have  been  made  as  to  the 
relative  capabilities  of  different  soils  thus  to  extract  vegeta- 
ble food  from  the  surrounding  air.  One  fact,  however, 
seems  to  be  clearly  ascertained,  that  all  soils,  namely,  absork 
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gaaeoiu  substances  of  every  kind  most  easily  and  in  the 
greatest  abundance  when  they  are  in  a  moist  state*  The 
nil  of  rainsy  or  the  descent  of  dew»  therefore,  will  favour 
this  abscffption  in  dry  seasons,  and  it  will  also  be  greatest  in 
those  soils  which  have  the  power  of  most  readily  extracting 
watery  vapour  from  the  air  during  the  absence  of  the  sun* 
Hence  the  influence  of  the  dews  and  of  gentle  showers  on 
the  progress  of  vegetation,  is  not  limited  to  the  mere  supply 
of  water  to  the  thirsty  ground,  and  of  those  vapours  which 
they  bring  with  them  as  they  descend  to  the  earth,  but  is 
partly  due  also  to  the  power  which  they  impart  to  the  moist- 
ened soil,  of  extracting  for  itself  new  supplies  of  gaseous 
matter  from  the  surrounding  atmosphere. 

IV. — KELATIONS   OF  THE  SOIL  TO   HBAT. 

There  are  some  of  the  relations  of  soils  to  heat,  which 
have  considerable  influence  upon  their  power  of  promoting 
vegetation.  These  are  the  rapidity  with  which  they  abscMrb 
heat  from  the  air,  the  temperature  they  are  capable  of  at« 
taining  under  the  direct  action  of  the  sun's  rays,  and  the 
length  of  time  during  which  they  are  able  to  retain  this  heat. 

1^.  Potper  of  abiorbing  heat* — ^It  is  an  important  fact, 
in  reference  to  the  growth  of  plants,  that  during  sunshine, 
when  the  sun's  rays  beat  upon  it,  the  earth  acquires  a  much 
higher  temperature  than  the  surrounding  air.  This  tempe- 
rature very  often  amounts  to  110^  and  sometimes  to  nearly 
150°,  while  the  air  in  the  shade  is  between  70°  and  80°  only. 
Thus  the  roots  of  plants  are  supplied  with  that  amount  of 
warmth  which  is  most  favourable  to  their  rapid  growth. 

Dark-coloured — such  as  black  and  brownish  red-— soils 
absorb  the  heat  of  the  sun  most  rapidly,  and  therefore  In- 
come warm  the  soonest.  They  also  attain  a  higher  tempe« 
rature — by  a  few  degrees  only,  however  (3°  to  8°)r— than 
soils  of  other  colours,  and  thus,  under  the  action  of  thesame 
son,  will  more  rapidly  promote  vegetation.  In  climates, 
such  as  ours,  where  the  presence  of  the  sun  is  often  wished 
for  in  vain  in  time  of  harvest,  this  property  of  the  soil  pos- 
sesses a  considerable  economical  value*  In  other  parts  of 
the  world,  where  sun-shine  abounds,  it  becomes  of  less  im* 
portance. 
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Every  one  will  anderatand  that  the  above  difierences  are 
observed  among  such  soils  only  as  are  exposed  to  the  same 
sun  under  the  same  circumstances.  Where  the  exposure  or 
aspect  of  the  soil  is  such  as  to  give  it  the  prolonged  benefit 
of  the  sun's  rays,  or  to  shelter  it  from  cold  winds,  it  will 
prove  more  propitious  to  vegetation  than  many  others  leas 
favourably  situated,  though  darker  in  colour  and  more  free 
from  superfluous  moisture. 

2^.  Power  of  retainisig  heat. — But  soils  differ  more  in 
their  power  of  retaining  the  heat  they  have  thus  absorbed. 
You  know  that  all  hot  bodies,  when  exposed  to  the  air,  gra- 
dually become  cool.     So  do  all  soils  ;  but  a  sandy  soil  will 
cool  more  slowly  than  a  clay,  and  the  latter  than  a  soil  which 
is  rich  in  vegetable  matter.     The  difference,  according  to 
Schiibler,  is  so  great,  that  a  peaty  soil  cools  as  much  in  one 
hour  as  the  same  bulk  of  clay  in  two,  or  of  sand  in  three 
hours.     This  may  no  doubt  have  considerable  influence 
upon  growing  crops,  inasmuch  as,  after  the  sun  goes  down, 
the  sandy  soil  will  be  three  hours  in  cooling,  while  the  clays 
will  cool  to  the  same  temperature  in  two,  and  rich  vegetable 
mould  in  one  hour.     But  on  those  soils  which  cool  the  soon- 
est, dew  will  first  begin  to  be  deposited,  and  it  is  doubtful, 
where  the  soils  are  equally  drained,  whether,  in  summer 
weather,  the  greater  proportion  of  dew  deposited  on  the  clays 
and  vegetable  moulds,  may  not  more  than  compensate  to 
the  parched  soil — ^for  the  less  prolonged  duration  of  the  ele- 
vated temperature  derived  from  the  action  of  the  sun's  rays. 
It  is  also  to  be  remembered,  that  vegetable  soils  at  least  ab- 
sorb the  sun's  heat  more  rapidly  than  the  lighter  coloured 
sandy  soils,  and  thus  the  plants  which  grow  in  the  former, 
which  is  sooner  heated,  may  in  reality  be  exposed  to  the 
highest  influelice  of  the  sun's  warmth— for  at  least  as  long 
a  period  as  those  which  are  planted  in  the  latter. 

The  only  power  we  possess  over  these  relations  of  soils 
to  heat,  appears  to  be,  that  by  top-dressing  with  charcoal, 
with  soot,  or  with  dark-coloured  composts,  we  may  render 
it  more  capable  of  rapidly  absorbing  the  sun's  heat^  and  by 
admixture  with  sand,  more  capable  of  retaining  the  heat 
which  it  has  thus  obtained. 


powsB  or  xoDnrnro  thb  phtsicai.  oharactbss.  488 

Such  are  the  most  important  of  the  physical  properties 
of  soils*  Over  some  of  them,  the  skilful  farmer  possesses  a 
ready  control.  He  can  drain  his  land,  and  thus  render  it 
cheaper  to  work  and  more  easy  to  reduce  to  a  fine  powder. 
He  can  plough,  subsoil,  and  otherwise  work  it  well,  and  thus 
can  make  it  more  open  and  porous,  more  accessible  both  to 
air  and  water.  When  it  is  light  and  peaty,  he  can  lay 
heavy  matter  over  it— -clay,  and  sand,  and  lime*stone  rubble 
— and  can  thus  increase  its  density.  He  can  darken  its 
colour  in  some  localities  with  peat  composts,  and  can  thus 
make  it  more  absorbent  of  heat  and  moisture,  as  well  as 
more  retentive  of  the  rain  that  falls.  But  here  his  power 
ends,  and  how  far  any  of  the  changes  within  his  power  can 
be  prudenUy  attempteid  will  depend  upon  the  expense  which, 
in  any  given  locality,  the  operation  would  involve.  And 
even  after  he  has  done  all  which  mere  mechanical  skill  can 
suggest,  the  soil  may  still  disappoint  hb  hopes,  and  refuse 
to  yield  him  remunerating  crops  of  corn. 

**  A  soil,"  says  Sprengel,  **  is  often  neither  too  heavy  nor 
too  light,  neither  too  wet  nor  too  dry,  neither  too  cold  nor  too 
warm,  neither  too  fine  nor  too  conrse ; — lies  neither  too  high 
nor  too  low,  is  situated  in  a  propitious  climate,  is  found  to 
consist  of  a  well-proportioned  mixture  of  clayey  and  sandy 
particles,  contains  an  average  quantity  of  vegetable  matter, 
and  has  the  benefit  of  a  warm  aspect  and  favouring  slope."* 
It  has  all  the  advantages,  in  short,  which  physical  condition 
and  climate  can  give  it,  and  yet  it  is  unproductive.  And 
why  t  Because,  answers  chemical  analysis,  it  is  destitute 
of  certain  mineral  constituents  which  plants  require  for  their 
daily  food.  The  physical  properties,  therefore,  are  only 
accessory  to  the  chemical  constitution.  They  bring  into 
favourable  circumstances,  and  thus  give  free  scope  to  the 
operation,  upon  the  seeds  and  roots  of  plants,  of  those  che* 
mical  substances  which  nature  has  kindly  placed  in  most  of 
our  soils,  or  by  the  lessons  of  daily  experience  is  teaehing 
the  skilful  labourer  in  her  fields  to  supply  by  art. 

And  yet  the  study  of  the  pfa3rsical  properties  of  soibis  not 
without  its  use,  even  in  a  theoretical  point  of  view.  It  shows 
both  the  use  of  the  fundamental  admixture  of  sand,  clay,  and 

•  Bodenhmde,  p.  203. 
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vegetable  matter,  of  which  our  soils  consist,  and  for  what 
special  end  all  the  mechanical  labours  of  the  hnsbaDdman  are 
undertaken,  and  why  they  are  so  necessary.  Plants  must 
be  firmly  fixed,  therefore  the  soil  most  have  a  certain  con- 
sistency— their  roots  must  find  a  ready  passage  in  every 
direction  ;  therefore  the  soils  must  be  somewhat  loose  and 
open.  Except  for  these  purposes,  we  see  little  immediale 
use  for  the  sand  and  alumina  which  form  so  much  of  the 
substance  of  soils — ^till  we  come  to  study  their  physical 
properties.  The  siliceous  sand  is  insoluble,  and  the  alumina 
exists  in  plants  in  very  minute  quantity  only,  while,  during 
the  progress  of  natural  vegetation,  the  proportion  of  vege- 
table matter  in  the  soil  actually  increases.  The  immediate 
agency,  therefore,  of  these  substances  is  not  chemical  but 
physical. 

The  alumina  of  the  clays  Is  of  immediate  use  in  absorbing 
and  retaining  both  water  and  air  for  the  use  of  the  roots — 
while  the  vegetable  matter  is  advantsgeous  in  reference  to 
the  same  ends,  as  well  as  to  the  power  of  absorbing  quickly 
and  largely  the  warmth  of  the  sun's  rays.  The  soil,  in 
short,  in  reference  to  vegetation,  performs  the  four  follow, 
ing  distinct  and  separate,  but  each  of  them  important  and 
necessaryi  functions  :— 

1°.  It  upholds  and  sustains  the  plant,  aflTording  it  a  sure 
and  safe  anchorage. 

2^.  It  al)sorbs  water,  air,  and  heat,  to  promote  its  growth. 
These  are  its  mechanical  and  physical  functions. 
8^.  It  contains  and  supplies  to  the  plant  both  organic  and 
inorganic  food  as  its  wants  require  ;  and 

4^.  It  is  a  work-shop  in  which,  by  the  aid  of  air  and 
moisture,  chemical  changes  are  continually  going  on  ;  by 
which  changes  these  several  kinds  of  food  are  prepared  for 
admission  into  the  living  roots. 
These  are  its  chemical  functions. 

All  the  operations  of  the  husbandman  are  intended  to  aid 
the  soil  in  the  performance  of  one  or  other  of  these  fonc* 
tions.  To  the  most  important  of  these  operations — the 
methods  adopted  by  the  practical  farmer  for  improving  the 
soil— it  is  my  intention,  in  the  following  division  of  th 
lectures,  briefly  to  direct  your  attention* 
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LECTURE    XIV. 

I 

Hie  physical qna^os  and  chemical  oonatitution  of  a  aoil  maybe  ehan^ 
by  art — ^Natare  of  the  plants  dependent  upon  that  of  the  soil  on  which 
fliey  ffrow.— Mechaninil  methoos  of  improving  the  soil. — Effects  pro> 
duceu  by  draining. — ^Theory  of  spriiuM. — ^Effect  of  plonghing,  sabsoihnft 
deep  ploiwhing  and  trenchmg. — Artmcial  improvement  by  mixing  with 
day,  saoC  or  marl. 

Thb  facts  detailed  in  the  preceding  lecture  may  be  con- 
ftidered  as  affording  sufficient  proof  that  the  ability  of  the 
farmer  to  grow  this  or  that  crop  upon  his  land,  is  very 
much  restrained  by  its  natural  character  and  constitution. 
Each  soil  establishes  upon  itself — so  to  speak — a  vegeta* 
tion  suited  to  its  own  nature,  one  that  requires  most  abun^ 
dantly  those  substances  which  actually  abound  in  the  soil — 
and  the  art  of  man  cannot  long  change  this  natural  con- 
nection between  the  living  plant  and  the  kind  of  land  in 
which  it  delights  to  grow. 

But  he  can  change  the  character  of  the  land  itself.  He 
can  alter  both  its  physical  qualities  and  its  chemical  con- 
stitution, and  thus  can  fit  it  for  growing  other  races  of 
plants  than  those  which  it  naturally  bears — or,  if  he  choose, 
the  same  races  in  greater  abundance  and  with  increased 
luxuriance.  It  is,  in  fact,  in  the  production  of  such  changes, 
that  nearly  all  the  labour  and  practical  skill  of  the  husband- 
man—apart  fr<)m  local  peculiarities  of  climate,  &:c. — is 
constantly  expended.  For  the  attainment  of  this  end  he 
drains,  ploughs,  subsoil-ploughs,  and  otherwise  works  his 
land.  For  this  end  he  clays,  sands,  marls,  and  manures  it. 
By  these  and  similar  operations  the  land  is  so  changed  aa 
to  become  both  able  and  willing  to  nourish  and  ripen  those 
peculiar  plants  which  the  agriculturist  wishes  to  raise.  On 
this  pracrical  department  of  the  art  of  culture,  the  princi- 
ples explained  and  illustrated  in  the  preceding  parts  of 
these  lectures,  throw  much  light.  They  not  only  explain 
the  reason  why  certain  practices  always  sacceed  in  the 
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hands  of  the  intelligent  farmer — ^hut  why  others  also  occa« 
sionally  and  inevitably  fail — they  tell  him  which  practices 
of  his  neighbours  he  ought  to  adopt,  and  which  of  them  he 
had  better  modify  or  wholly  reject, — and  they  direct  htm 
to  such  new  modes  of  improving  his  land  as  are  likely  to 
add  the  most  to  its  permanent  productive  value. 

The  operations  otthe  husbandman  in  producing  changes 
upon  the  land — are  either  mechanical  or  chemical.  When 
he  drains,  ploughs,  and  subsoils,  he  alters  chiefly  the  phy- 
sical characters  of  his  soil — ^when  he  limes  and  manures  it, 
he  alters  its  chemical  constitution.  These  two  classes  of 
operations,  therefore,  are  perfectly  distinct.  Where  a  soil 
contains  all  that  the  crops  we  desire  to  grow  are  likely  to 
require,  mere  mechanical  operations  may  suffice  to  render 
it  fertile — ^but  where  one  or  more  of  the  inorganic  conad- 
tuents  of  plants  are  wanting,  draining  may  prepare  the 
land  to  benefit  by  further  operations,  but  will  not  be  alone 
sufficient  to  remove  its  coraparadve  sterility.  I  shall, 
therefore,  consider  in  succession  these  two  classes  of 
practical  operations : — 

1^.  Memanical  methods  of  improving  the  soil,  indtiding 
draining,  ploughing,  mixing  with  clay,  sand,  &c. 

2^.  Chemical  methods^  including  limeinff,  marling,  and 
the  application  of  vegetable,  animal,  and  mineral  manures. 

To  satisfy  you  fully,  however,  in  regard  to  the  absolute 
necessity  for  such  changes,  if  we  would  render  the  land  lit 
to  produce  any  given  crop,  let  me  illustrate,  by  a  lew  brief 
examples,  the  intimate  relation  observed  in  nature  between 
the  kind  of  soil  and  the  kind  of  plants  that  grow  upon  it 

\1.  On  the  connection  between  the  kind  cftoil  and  the  kmd 

^plants  that  grow  upon  it. 

That  a  general  connection  exists  between  the  kind  of 
soil  and  the  kind  of  plants  that  grow  upon  it,  is  familiar  to 
all  practical  men.  Thus  clay  soils  are  geneoidly  acknow- 
ledged to  be  best  adapted  for  wheat — ^loamy  soUs  for  bar- 
ley— sandy  loams  for  oats  or  barley— such  as  are  more 
sandy  still  for  oats  or  rye — and  those  which  are  almost 
pure  sand  for  rye  alone  of  all  the  corn-bearing  crops. 
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But  in  a  state  of  natare,  we  find  special  dififerencea 
among  the  spontaneous  produce  of  the  soil,  which  are 
more  or  less  readily  traceable  to  its  chemical  constitution 
in  the  spots  where  the  plants  are  seen  to  grow.     Thus— 

i<^.  On  the  sandy  soils  of  the  sea-shores,  and  on  the  salt 
steppes  of  Hungary  and  Russia,  the  sand- worts,  salt*  worts, 
glass-worts,  and  other  salt-loving  plants  abound.  When 
these  lands  are  inclosed  and  drained,  the  excess  of  the  salt 
is  gradually  washed  out  by  the  rains,  or  in  some  countries 
is  removed  by  reaping  the  saline  plants  annually,  and 
burning  them  for  soda  (barilla),  when  wholesome  and  nu- 
tritive grasses  take  their  place  ;  but  the  white  clover  and 
the  daisy,  and  the  dandelion  must  first  appear,  before,  as 
a  general  rule,  it  can  be  profitably  ploughed  up  and  sown 
with  corn. 

2^.  The  dry  drifted  sands,  more  or  less  remote  from  the 
sea,  produce  no  such  plants.  They  are  distinguished  by 
their  own  coarse  grasses,  among  which  the  elj/mus  arena' 
fins  (upright  sea  lyree-grass)  often,  in  our  latitudes,  occu- 
pies a  conspicuous  place.  On  the  downs  of  North  Jutland, 
xt  was  formerly  almost  the  only  plant  which  the  traveller 
could  meet  with  over  an  area  of  many  miles. 

3°.  On  ordinary  sandy  soils  leguminous  plants  are  rare, 
and  the  herbage  often  scanty  and  void  of  nourishment 
With  the  presence  of  marl  in  such  soils,  the  natural 
growth  of  leguminous  plants  increases.  The  colt's-foot 
also,  and  the  butter-bur,  not  only  grow  naturally  where 
the  subsoil  is  marly,  but  infest  it  sometimes  to  such  a  de- 
gree as  to  be  with  great  difficulty  extirpated.  So  true  is 
this  indication  of  the  nature  of  the  soil,  that  in  the  lower 
valleys  of  Switzerland  these  plants  are  said  to  indicate  tcT 
the  natives  where  they  may  successfully  dig  for  marl.*  On 
calcareous  soils,  again,  or  such  as  abound  in  lime,  the 
quicken  or  couch-grass  is  seldom  seen  as  a  weed.t  while 
the  poppy,  the  vetch,  and  the  darnel  abound. 

4^.  So  peaty  soils,  when  laid  down  to  grass,  slowly  select 
for  themselves  a  peculiar  tribe  of  grasses,  especially  suited 


*  Prize  Ettm  of  the  Highland  Society,  I.,  p.  194. 
t  Sprengel,  Soaenkunde,  p.  201. 
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4o  their  own  nature,  among  whicb  the  holcu$  hmatuM  (nea- 
dow  soft-grasa)  is  remarkably  abundant  Alter  their  con- 
atitution  by  a  heavy  Umeing,  and  they  produce  luxuriant 
green  crops  and  a  great  balk  of  straw,  bat  give  a  coatae 
thick-skinned  grain,  more  or  less  impei  fectly  filled.  Alter 
then  further  by  a  dressing  of  clay,  or  keep  them  in  arable 
culture,  and  stiffen  them  with  composts,  and  they  will  be 
converted  into  rich  and  sound  corn-bearing  lands. 

6^.  In  the  waters  that  gush  from  the  sides  of  lime-stone 
bills — on  the  bottoms  of  ditches  that  are  formed  of  lime- 
stones or  marls — and  in  the  springs  that  have  their  rise  in 
many  trap  rocks,  the  water-cress  appears  and  accompaBiea 
the  running  waters,  sometimes  for.  miles  on  their  couree. 
The  mare's-tail  (t^fviMtum)^  on  the  other  hand,  attains  its 
largest  size  by  the  marshy  banks  of  rivulets  in  which  not 
lime  but  silica  is  more  abundantly  present.  So  the  Corn- 
ish heath  (erica  vagam4)  is  found  only  over  the  serpentine 
soils  of  Cornwall,  and  the  red  broom  rape  (arobaiche  m- 
hray^  only  on  decayed  traps  in  Scotland  and  Ireland. 

These  facts  all  point  to  the  same  natural  law,  that  where 
other  circumstances  of  climate,  moisture,  &e.,  are  equal, 
the  natural  vegetation — thut  which  grows  best  on  a  given 
spat — i$  entirely  de^^endent  upon  tAe  chemical  constitution  qf 
the  soil. 

But  both  the  soil,  and  the  vegetation  it  willingly  noa- 
rishes,  are  seen  to  undergo  slow  but  natural  changes.  Lay 
down  a  piece  of  laud  to  grass,  and,  after  a  lapse  of  years, 
the  surface  soil — originally,  perhaps,  of  the  stiffest  clay-^ 
is  found  to  have  become  a  rich,  light,  vegetable  mould, 
bearing  a  thick  sward  of  nourishing  grasses,  almost  totally 
--ilifferent  from  those  which  naturally  grew  upon  it  when 
first  converted  into  pasture.  So  in  a  wider  field,  and  on  a 
larger  scale,  the  same  slow  changes  are  exhibited  in  the 
vast  natural  forests  that  are  known  to  have  long  covered 
extensive  tracts  in  various  countries  of  Europe. 

Thus  it  is  a  matter  of  history  that  Charlemagne  hunted 
in  the  forest  of  Grerardmer,  then  consisting  of  oak  and 
beech — though  now  the  same  forest  contains  only  pines 

*  Hooker*!  Kors  Scotim^ 
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of  varioas  species.  On  the  Rhine,  between  Landau  and 
Kaiserlautem,  oak  forests,  of  several  centuries  old,  are 
seen  to  be  gfradually  giving  way  to  the  beech,  while  othen 
of  oak  and  beech  are  yielding  to  the  encroachments  of  the 
pine.  In  the  Palatinate,  the  Scotch  fir  {pimu  iylvettrit) 
is  also  succeeding  to  the  oak.  In  the  Jura,  and  in  the 
Tyrol,  the  beech  and  the  pine  are  seen  mutually  to  re- 
place each  other — and  the  same  is  seen  in  many  other  dis- 
tricts. When  the  time  for  a  change  of  crop  arrives,  the 
existing  trees  begin  to  languish  one  after  another,  their 
branches  die,  and  finally  their  dry  and  naked  tops  are  seen 
surrounded  by  the  luxuriant  foliage  of  other  races.* 
These  facts  not  only  show  bow  much  the  vegetable  tribes 
are  dependent  upon  the  chemical  nature  of  the  soil — they 
indicate,  likewise,  the  existence  of  slow  natural  changes 
in  the  constitution  of  the  soil,  which  lead  necessarily  to  a 
change  of  vegetation  also. 

We  can  ourselves,  in  the  case  of  ancient  forests,  effect 
such  changes.  When  in  the  United  States  a  forest  of 
oak  or  maple  is  cut  down,  one  of  pine  springs  up  in  its 
place ;  while  on  the  site  of  a  pine  forest,  oaks  and  other 
broad  leaved  trees  speedily  appear. 

But  if  the  full  time  for  sued  changes  has  not  yet  come, 
the  new  vegetation  may  be  overtaken,  and  smothered  by 
the  original  tribes.  Thus,  when  the  pine  forests  of  Sweden 
are  burned  down,  a  young  gfx>wtb  of  birch  succeeds,  but 
after  a  time  the  pines  again  appear  and  usurp  their  former 
dominion.  The  soil  remains,  still,  more  propitious  to  the 
growth  of  the  latter  than  of  the  former  kind  of  tree. 

We  may,  therefore,  take  a  practical  lesson  from  the 
book  of  nature.  If  we  wish  to  have  a  luxuriant  vegetation 
upon  a  given  spot,  we  must  either  select  such  kinds  of 
seeds  to  sow  upon  it  as  are  fitted  to  the  kind  of  soil,  or 
we  must  change  the  nature  of  the  land  so  as  to  adapt  it  to 
our  crop.  And,  even  when  we  have  once  prepared  it  to 
yield  abundant  returns  of  a  particular  kind,  the  changes 
we  have  produced  can  only  be  more  or  less  of  a  tempora- 
ry nature.    Our  care  and  attention  must  still  be  bestowed 

*  Le  Baion  de  Mortemart  de  Boiase,  Vcfifagt  dans  U$  Landei,  p.  189. 


upon  it,  that  it  may  be  enabled  to  resiat  the  alow  nataral 
causea  of  alteration,  by  which  it  is  gradually  unfitted  to 
nourish  those  vegetable  tribes  which  it  appears  sow  to  de- 
light in  maintaining. 

Let  us  now  turn  our  attention,  therefore,  to  the  methods 
by  which  these  beneficial  changes  are  to  be  effected  and 
maintained. 

i  2,  Of  drainingf  and  its  effects. 

Among  the  merely  mechanical  methods  by  which  thoae 
changes  are  to  be  produced  upon  the  soil,  that  are  to  fit  it 
fi^r  the  better  growth  of  valuable  crops,  draining  is  now 
allowed  to  hold  the  first  place.  That  it  is  an  important 
step  in  heavy  clay  lands,  and  that  it  must  be  the  ^rst  step 
in  all  cases  where  water  abounds  iu  the  surface  soil,  wiU 
be  readily  conceded;  but  that  it  can  be  beneficial  also 
in  situations  where  the  soils  are  of  a  sandy  nature — where 
the  subsoil  is  light  and  porous — or  where  the  inclination 
of  the  field  appears  sufficient  to  allow  a  ready  escape  to 
the  water,  does  not  appear  so  evident  and  in  not  unfre- 
quently,  therefore,  a  matter  of  considerable  doubt  and  dif- 
ficulty. It  may  be  useful,  then,  briefly  to  state  the  several 
effects  which  in  different  localities  are  likely  to  follow  an 
efiicient  drainage  of  the  land  :— r- 

1°.  It  carries  off  all  stagnant  water,  and  gives  a  ready 
escape  to  the  excess  of  what  falls  in  rain. 

2^,  It  aiTests  the  ascent  of  water  from  beneath,  whe- 
ther by  capillary  action  or  by  the  force  of  springs  — ^and 
thus  not  only  preserves  the  surface  soil  from  undue  mois- 
ture, but  also  trees  the  subsoil  from  the  lingering  presence 
of  those  noxious  substances,  which  in  undrained  land  so 
firequently  lodge  in  it  and  impair  the  growth  of  deep-root- 
ed plants. 

d^o.  It  allows  the  water  of  the  rains,  instead  of  merely 
running  over  and  often  injuriously  washing  the  surface,  to 
make  its  way  easily  through  the  soil.  And  thus,  while  fil- 
tering through,  not  only  does  the  rain-water  impart  to  the 
soil  those  substances  useful  to  vegetation,  which,  as  wa 
have  seen,*  it  always  contains  in  greater  or  less  abund- 

*  8m  pages  47,  96,  and  240. 
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•see ;  bot  it  washes  out  of  the  upper  soil,  and  when  the 
drains  are  deep  enoagh,  out  of  the  subsoil  also,  sacb  nox- 
ious substances  as  naturally  collect  and  may  baTe  beea 
long  acciiinalating  there-^rendering  it  unsound  and  hurt- 
ful to  the  roots.  The  latter  is  one  uf  those  benefits  which 
gradually  follow  the  draining  of  land.  When  once  tho- 
roughly effected,  it  constitutes  a  most  important  perma- 
nent improvement,  and  one  which  can  be  faliy  produced  by 
no  other  available  means.  It  will  be  permanent,  however, 
only  so  long  as  the  drains  are  kept  in  good  condition-. 
The  same  openness  of  the  soil  which  enables  the  rains  to- 
wash  out  those  soluble  noxious  substances,  which  have 
been  long  collecting,  permits  them  to  carry  off  also  such 
as  are  gradually  formed,  and  thus  to  keep  it  in  a  sound  and 
healthy  state ;  but  let  this  openness  be  more  or  less  im- 
paired by  a  neglect  of  the  drainage,  and  the  original  state 
of  the  land  will  again  gradually  return. 

4<>.  This  constant  descent  of  water  through  the  soil 
causes  a  similar  constant  descent  of  fresh  air  Uirough  its 
pores,  from  the  surface  to  the  depth  of  the  drains.  When 
the  rain  falls,  it  enters  the  soil  and  more  or  less  completely 
displaces  the  air  which  is  contained  within  its  pores.  This 
air  either  descends  to  the  drains  or  lises  into  the  atmos- 
phere. When  the  rain  ceases,  the  water,  as  it  sinks,  again 
leaves  the  pores  of  the  upper  soil  open,  and  fresh  air  con- 
sequently foliows.  It  is  in  fact  sucked  in  afler  the  water, 
as  the  latter  gradually  passes  down  to  the  drains.  Thus, 
where  a  good  drainage  exists,  not  only  is  the  land  refresh- 
ed by  every  shower  that  falls — not  only  does  it  derive  from 
the  rains  those  important  substances  which  occasionally, 
at  least,  are  brought  down  by  them  from  the  atmosphere, 
and  which  are  in  a  great  measure  lost  where  the  watefs 
must  flow  over  the  surface — but  it  is  supplied  also  with  re- 
newed accessions  of  fresh  air,  which  experience  has  shown 
to  be  so  valuable  in  promoting  the  healthy  growth  of  all 
our  cultivated  crops. 

6°.  But  other  consequences  of  great  practical  import- 
ance follow  from  these  immediate  effects.  When  thus 
readily  freed  from  the  constant  presence  of  water,  the  soil 
grradually  becomes  drier,  sweeter,  looser,  and  more  friable. 
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The  hard  luinps  of  the  etiff  clay  lands  move  or  less  disap- 
pear. They  crumble  more  freely,  offer  less  resistance  to 
the  plough,  and  are  in  consequence  more  easily  and  more 
economically  worked.  These  are  practical  benefits,  equi- 
valent Co  a  change  of  soil,  which  only  the  former  of  stub- 
born clays  can  adequately  appreciate. 

6^,  With  the  permanent  state  of  moisture,  the  coHmmu 
of  many  soils  also  rapidly  disappears.  The  backwardness 
of  the  crops  in  spring,  and  tne  lateness  of  the  harvest  in 
autumn,  are  less  frequently  complained  of— for  the  drain- 
age in  many  localities  produces  effects  which  are  equivaJejU 
to  a  change  qfcUmaU.  "  In  consequence  of  the  drainage 
which  has  taken  place  in  the  parish  of  Peterfaeady  in  Aber- 
deenshire, during  the  last  30  years,  the  crops  arrive  at  ma- 
turity ten  to  fourteen  days  sooner  than  they  formerly  did  ;*** 
and  the  same  is  true  to  a  still  greater  extent  in  many 
other  localities. 

1^,  On  stiff  clay  lands,  well  adapted  for  wheat,  wet 
weather  in  the  autumn  not  unfrequently  retards  the  sow- 
ing of  winter  com-*«in  undrained  lands  often  completely 
prevents  it — compelling  the  farmer  to  change  his  system 
of  cropping,  and  to  sow  some  other  grain,  if  the  weather 
permit  aim,  when  the  spring  comes  round.  An  efficient 
drainage  carries  off  the  water  so  rapidly  as  to  bring  the 
land  into  a  workable  state  soon  after  the  rain  has  ceased, 
and  thus,  to  a  certain  extent,  it  rescues  the  farmer  finom  the 
fickle  dominion  of  the  uncertain  seasons.!  To  the  skilful 
and  intelligent  farmer,  who  applies  every  available  means  to 
the  successful  prosecution  of  his  art,  the  promise  even  in 
our  age  and  country  is  sure — '*  that  seed-time  and  harvest 
shall  never  fail." 

8^.  But  on  lands  of  every  kind  this  removal  of  the  su* 

*  Mr.  Gfav,  in  the  PrixeE$9ay$  ^ the  Highland  and  Agriemltmnd  Sode- 
ijf.lL  p.  17l.  Thtf  opinion  WM  given  in  1830,  since  which  time  many 
other  eitennveimprovementa  have  been  made  in  thai  part  of  the  island. 

t  **  Formerly,"  says  Mr.  Wilson,  of  Cumletof  in  nis  account  of  tbe 
dnininff  of  a  farm  in  Berwickshire,  "  this  part  ofthe  iann  was  so  wet,  that 
—though  better  adapted  ibr  wheat  than  any  other  crop— 4he  season  for  sow- 
ing was  frequently  lost,  and  after  an  eipenstve  fallowing  and  iimeing^  it 
was  sown  with  oats  in  spring,  of  which  it  always  produced^'ery  poor  crops. 
It  is  now  so  dry  as  to  grow  very  good  crops  of  turnip  or  rape,  and,  except 
in  two  instances,  I  have  always  sown  my  wheat  in  capital  order.**— iML 
I.p.  «43.  ^ 
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perflaous  water  is  productive  of  aoother  practical  b«oefit 
In  its  coDsequeoces  it  is  equivedent  to  an  actual  de^tmng 
of  the  soil. 

When  land,  on  which  the  surface  water  is  in  the  babit 
of  resting,  becomes  dry  enough  to  admit  the  labours  of 
the  husbaoidman,  it  is  still  found  to  be  wet  beneath,  and 
the  waters,  even  in  dry  seasons,  not  unfrequently  remain 
where  the  roots  of  the  crops  would  otherwise  be  inclined 
to  come.  Or,  if  the  surface  soil  permit  a  ready  passage 
to  the  rains,  and  the  waters  linger  only  in  the  moist  sub- 
soil, still — ^though  the  farmer  may  not  be  delayed  in  his  la- 
bours—the subsoil  repels  the  approach  of  the  roots  of  his 
grain,  and  compels  them  to  seelc  their  nourishment  from 
the  surface  soil  only.  But  remove  the  waters,  and  the  soil 
becomes  dry  to  a  greater  depth.  The  air  penetrates  and 
diffuses  itself  wherever  the  waters  have  been*  The  roots 
now  freely  aod  safely  descend  into  the  almost  virgin 
soil  beneath.  And  not  only  have  they  a  larger  space 
through  which  to  send  out  their  fibres  in  search  of  food, 
but  in  this  hitherto  ungenial  soil  they  find  a  store  of  sub- 
stances— but  sparingly  present,  it  may  be,  in  the  soil  above 
— ^which  the  long-continued  washing  of  the  rains,  or  the  de- 
mands of  frequent  crops,  may  have  removed,  but  which 
may  have  been  all  the  while  accumulating  in  the  subsoil, 
into  which  the  toots  of  cultivated  plants  could  rarely  with 
safety  descend.  It  is  not  wonderful,  then,  that  the  economi- 
cal effects  of  draining  should  be  found  by  practical  men 
to  be  not  only  a  diminution  in  the  cost  of  cultivation,  but  a 
considerably  augmented  produce  also  both  in  com  and 
grass;  or  that  this  increased  produce  should  alone  be 
round  sufficient  to  repay  the  entire  cost  of  thorough-drain- 
ing in  two  or  three  years. 

An  obvious  practical  suggestion  arises  out  of  the  know- 
ledge of  this  fact.  The  deeper  the  drains,  provided  the 
toater  have  stiU  a  ready  escape^  the  greater  the  depth  of 
soil  which  is  rendered  available  for  the  purposes  of  vege- 
table nutrition.  Deep  rooted  plants,  such  as  lucerne, 
often  fail,  even  in  moderately  deep  soils,  because  an  ex- 
cess of  water  or  the  presence  of  some  noxious  ingredient 
which  deep  drains  would  remove^  prevents  their  natural 
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descent  in  search  of  food.  Even  plants,  which,  like  that 
of  wheat  or  clover,  do  not  usually  send  down  their  roots 
so  far,  will  yet,  where  the  subsoil  is  sound  and  dry,  extend 
their  fibres  for  three  or  more  feet  in  depth,  in  qoest  of 
more  abundant  nourishment. 

Not  only,  then,  do  deep  drains  permit  the  use  of  the 
subsoil  plough  without  the  chance  of  injury, — not  only 
are  they  less  liable  to  be  choked  up  by  the  accumulated 
roots  of  plants  which  naturally  make  their  way  into  them 
in  search  of  water, — but  they  also  increase  the  value  and 
permanent  fertility  of  the  land,  by  increasing  its  available 
depth.  In  other  words,  that  kind  of  drainage  which  ts 
most  efficiently  performed,  with  a  regard  to  the  greatest 
number  of  contingencies,  will  not  only  be  the  moat  perma- 
nent, but  will  also  be  followed  by  the  greatest  nunaber  of 
econofnical  adoantages, 

9^.  Nor  do  the  immediate  and  practical  benefits  of 
draining  end  with  the  attainment  of  these  beneficial  re- 
sults. It  is  not  till  the  land  is  rendered  dry  that  the  skil- 
ful and  enterprising  farmer  has  a  fair  field  on  which  to 
expend  his  exertions.  In  wet  soils,  bones,  wood-ashes, 
rape-dust,  nitrate  of  soda,  and  other  artificial  manures  are 
almost  thrriwn  away.  Even  lime  exhibits  but  one-half  of 
its  fertilizing  virtue,  where  water  is  allowed  to  stagnate 
in  the  soil.  Give  him  dry  fields  to  work  upon,  and  the 
well  instructed  agriculturist  can  bring  all  the  resources, 
as  well  of  modern  science  as  of  old  experience,  to  bear 
upon  them,  with  a  fair  chance  of  success.  The  disap- 
pointments which  the  holder  of  und rained  lands  so  often 
meets  with,  he  will  less  frequently  experience.  An  ade- 
quate return  will  generally  be  obtained  for  his  expendi- 
ture in  manuring  and  otherwise  improving  his  soil,  and  he 
will  thus  be  encouraged  to  proceed  in  devoting  his  capital 
to  the  permanent  amelioration  of  his  farm — not  less  for 
his  own  than  for  his  landlord's  benefit 

Viewed  in  this  light,  draining  is  only  the  first  of  a  \on% 
series  of  improvements,  or  rather  it  is  a  necessary  pre- 
parative to  the  numerous  improvements  of  which  the  soil 
of  our  islands  is  susceptible — which  improvements  it 
would  be  a  waste  of  money  to  attempt,  until  an  efficient 
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systdm  of  drainage  is  establiahed.  Aod  when  we  con- 
sider bow  great  a  natioDal  benefit  this  mere  preparatory 
measure  alone  is  fitted  directly  to  confer  apon  the  country^ 
you  will  agree  with  me  in  thinking  that  every  good  citizen 
ought  to  exercise  his  influence  in  endeavouring,  in  his 
own  district,  more  or  less  rapidly  to  promote  it.  It  has 
been  calculated  that  the  drainage  ot  those  lands  only, 
which  are  at  present  in  arable  culture,  (10  millions  of 
acres,)  would  at  once  increase  their  produce  by  10  mil- 
lions of  quarters  of  the  various  kinds  of  grain  now  grown 
upon  them ; — and  that  a  similar  drainage  of  the  unculti- 
vated lands  (15  millions  of  acres)  would  yield  a  further 
increased  produce  of  ttcice  as  much  more.  This  increase 
of  30  millions  of  quarters  is  equal  to  nearly  one-half  of  our 
present  consucnption*  o^  aU  kinds  of  graiti — so  that  were 
It  possible  to  effect  at  once  this  general  drainage,  a  large 
superfluity  of  com  would  be  raised  from  the  British  soil. 

This  general  drainage,  however,  cannot  possibly  be  ef- 
fected in  any  given  time.  The  individual  resources  of 
the  land-owners  are  not  suflicient  to  meet  the  expense,t 
and  such  calculations  as  the  above  are  useful,  mamly,  in 
stimulating  the  exertions  of  those  who  have  capital  to 
spare,  or  such  an  excess  of  income  as  can  permit  them  to 
invest  an  annual  portion  permanently}  in  the  soil. 

10°.  He  who  drains  and  thus  improves  his  own  land, 
confers  a  benefit  upon  his  neighbours  also.  In  the  vicinity 
of  wet  and  boggy  lands  the  hopes  of  the  industrious  farmer 
are  often  disappointed.      Mists   are  frequent  and  rains 

*  65  millioiu  of  qaarters.  See  an  excellent  neper  on  thU  robject  in  the 
Quorfer/y  Agrvadturtd  Journal,  zii.  p.  505,  b^  Mr.  Dndgeon,  of  Spyelaw, 
in  BoibnTgnBhire,  a  county  in  which  the  practical  benefits  of  draining  ha^e 
been  extensively  experienced  and  are  therefore  well  understood. 

t  To  drain  25  millions  of  acres,  at  JC6  an  acre,  would  cost  150  nulHons 
aterl^,  asnm  equal,  probably,  to  the  whole  capital  at  present  invested  in 
farming  the  land. 

^  By  an  efficient  drainage,  the  soil  is  permanently  hendUted,  but  it  is  not 
so  olearthat  the  money  it  costs  is  permanenUyinvettMfx  buried  in  the 
soil.  If  the  cost  be  repaid  by  the  increase  of  produce  in  three  yearsj  the 
money  is  not  invested,  it  is  only  lerU  for  this  period  to  the  soil.  **■  I  drain  so 
many  acres  every  year,**  said  the  holder  of  a  laige  Berwickshire  ftrm  to 
me,  **  and  I  find  myself  always  repaM  by  the  end  of  the  third  season.  If  I 
haye  spare  capital  enough,  therefore,  to  go  on  for  three  years,  I  can  gradu- 
ally drain  any  extent  <^  land,  by  the  repeated  use  of  the  same  sum  of 
money.** 
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more  almtidaiit  on  the  edges  of  the  moor,  and  miD-daWs 
retard  the  maturity,  and  often  seriously  injure  the  crops. 
Of  undrained  land,  in  general,  the  same  is  true  to  a  less 
extent,  and  the  presence  of  one  unimproved  property  in 
the  centre  of  an  enterprising  district,  may  long  withhold 
horn  the  adjoining  farms  that  full  measure  of  benefit  which 
the  money  and  skill  expended  upon  them  would  in  other 
circumstances  have  immediately  secured. 

So  true  is  it  in  regard  to  every  new  exercise  of  human 
skill  and  in  every  walk  of  life,  that  we  are  all  mutually 
dependent,  every  one  upon  every  other;  and  that  the 
kindly  co-operation  of  all  can  alone  secure  that  ample 
return  of  good,  which  the  culture  either  of  the  dead  earth 
or  of  the  living  intellect  appears  wiHing,  and  we  may 
hope  is  ultimately  destined,  to  confer  upon  our  entire 
race. 

IP.  I  would  not  here  willingly  neglect  to  call  your 
attention  to  a  higher  benefit  still,  which  the  skilful  drain- 
age of  an  extensive  district  is  fitted  to  confer  upon  its 
whole  population.  Not  only  is  this  drainage  equivalent, 
as  above  stated,  to  a  change  of  climate  in  reference  to  the 
growth  and  ripening  of  plants,  but  it  is  so  also  in  reference 
to  the  general  keahh  of  the  people  and  to  the  number  and 
kind  of  the  diseases  to  which  they  are  observed  to  be  ex- 
posed. 

I  may  quote  in  illustration  of  this  fact  the  interesting 
observations  of  Dr.  Wilson  on  the  comparative  state  of 
health  of  the  labouring  population  in  the  district  of  Keiso, 
during  the  last  two  periods  of  ten  years.  In  his  excel- 
lent paper  on  this  subject*  in  the  Quarterly  Journal  ^ 
AgricuUurt^^  he  has  shown  that  fever  and  ague,  whidi 
formed  nearly  one-half  of  all  the  diseases  of  the  popula- 
tion during  the  former  ten  years,  have  almost  wholly  dis- 
appeared during  the  latter  ten,  in  consequence  of  the 
general  extension  of  an  efficient  drainage  throughout  the 
country  ;  while,  at  the  same  time,  the  fatality  of  disease, 
or  the  comparative  number  of  deaths  from  every  hundred 
cases  of  serious  ailment,  has  diminished  in  the  proportioa 

*  VoluD*  ai  p.  317. 
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of  4*6  to  2*59.  Such  beneficial  results,  though  not  imme- 
diately sought  for  by  the  practical  farmer,  yet  are  the  in- 
evitable consequence  of  his  successful  exeitions.  Apart» 
therefore,  from  mere  considerations  of  pecuniary  profit,  a 
desire  to  promote  the  general  comfort  and  happiness  of 
the  entire  inhabitants  of  a  district  may  fairly  ionueuce  the 
possessors  of  laud  to  promote  this  method  of  ameliorating 
the  soil ;  while  the  whole  people,  on  the  other  hand,  of 
whatever  class,  ought  *'  gratefully  to  acknowledge^  the 
value  of  those  improvements  which  at  once  render  our 
homes  more  salubrious  and  our  fields  more  fruitfuL" 


The  practical  benefits  of  draining,  therefore,  may  be 
stated  generally  as  follows  :— 

A.  It  is  equivalent  not  only  to  a  change  of  soil  but  also 
to  a  change  of  cUmate,  both  in  reference  to  the  growth  of 
plants  and  to  the  health  of  the  population. 

B.  It  is  equivaieot  also  to  a  deepening  of  the  soil,  both 
by  removing  the  water  and  by  allowing  those  noxious  in- 
gredients to  be  washed  out  of  the  subsoil  which  had  pre* 
viously  prevented  the  roots  from  descending. 

C.  It  is  a  necessary  preparation  to  the  many  other 
means  of  improvement  which  may  be  applied  to  the  land. 

You  will  now  be  able  to  perceive  in  what  way  it  is 
possible  thai  even  light  and  sandy  soiIs>  or  such  as  lie  on  a 
sloping  surface,  may  be  greatly  benefitted  by  draining. 
Where  no  open  outlet  exists  under  a  loamy  or  sandy  sur- 
face soil,  any  noxious  matters  that  either  sink  from  above, 
or  ooze  up  from  beneath,  will  long  remain  in  the  subsoil, 
and  render  it  more  or  less  tinwholesome  to  valuable  culti- 
vated plants.  But  let  such  an  outlet  be  made  by  the  es- 
tablishment of  drains,  and  that  which  rises  from  beneath 
will  be  arrested,  while  that  which  descends  from  above 
will  escape.  The  rain-waters  passing  through  will  wash 
the  whole  soil  also  as  deep  as  the  bottom  of  the  drains, 
and  the  atmospheric  air  will  accompany  or  follow  them. 

The  same  remarks  apply  to  lands  which  possess  so 
^eat  a  natural  inclination  as  to  allow  the  sunace  water 

FARt  III.  2 
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readily  to  flow  away.  Sach  a  sloping  surface  does  not 
neeessarily  dry  the  subsoil,  free  it  from  noxious  substances, 
or  permit  the  constant  access  of  the  air.  Small  feeders  of 
water  occasionally  make  their  way  near  to  the  surface,  and 
linger  long  in  the  subsoil  before  they  make  their  escape. 
This  is  in  itself  an  evil,  but  when  such  springs  are  ino- 
pregnated  with  iron  the  evil  is  greatly  augmented,  and 
from  such  a  cause  alone  a  more  or  less  perfect  barrenness 
not  unfrequently  ensues.  To  bring  such  lands  by  degrees 
to  a  sound  and  healthy  state,  a  mere  outlet  beneath  is 
often  alone  sufficient. 

It  is  to  this  lingering  of  unwholesome  waters  beneath, 
that  the  origin  of  many  of  our  moor- lands,  especially  on 
higher  grounds,  is  in  a  great  measure  to  be  attributed.  A 
calcareous  or  a  ferruginous  spring  sends  up  its  waters  into 
the  subsoil.  The  slow  access  of  air  from  above,  or  it  may 
be  the  escape  of  air  from  the  water  itself,  causes  a  more 
or  less  ochrey  deposit,*  which  adheres  to  and  gradually 
cements  the  stones  or  earthy  particles,  among  which  the 
water  is  lodged.  Thus  a  layer  of  solid  stone  is  gradually 
formed — the  moor-land  pan  of  many  districts^ — which  nei- 
ther allows  the  roots  of  plants  to  descend  nor  the  surface 
water  to  escape.  Hopeless  barrenness,  therefore,  slowly 
ensues.  Coarse  grasses,  mosses,  and  heath,  grow  and  ac- 
cumulate upon  soils  not  originally  inclined  to  nourish 
them,  and  by  which  a  better  herbage  had  previously  been 
long  sustained*  Of  such  lands  many  tracts  have  been  re- 
claimed by  breaking  up  this  moor-land  pavement,  but 
aoch  an  improvement,  unless  preceded  by  a  skilful  drain- 
age, can  only  be  temporary.  The  same  natural  prucess 
will  again  begin*  and  the  same  result  will  follow,  unless 
an  outlet  be  provided  for  the  waters  from  which  the  petri- 
fying deposit  proceeds. 

*  If  the  water  oontaiii  nttphOe  of  iron,  the  iir  from  above  will  impait  to 
iti  iron  an  additionml  qnantit^r  of  oxygen,  and  oawe  a  portion  of  it  to  frU  fai 
the  ttate  of  peroxide.  If  the  iron  or  lime  be  present  in  the  state  of  iicarfao- 
nale,  the  escape  of  carbonic  acid  from  the  water  will  cause  a  deposit  of 
carbonate  of  iron  or  of  time .  Any  of  these  deposita  will  cement  the  earthy 
or  stony  particles  together.  Iron,  however,  is  sometimes  held  ia  solution 
by  an  oiganic  acid  (crenic),  which  becomes  insoluble,  and  &Us  along  with 
tiw  iron  when  the  latter  has  absorbed  more  oxygen  from  the  atmospKero. 
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It  oagbt  to  be  mentioued,  however,  that  where  a  ready 
passage  aod  escape  for  the  water  is  provided  by  an  effi- 
cient drainage,  and  especially  iu  light  and  porous  soils,  .the 
saline  and  other  solable  substances  they  contain  will  be 
liable,  in  periods  of  heavy  rain,  to  be  more  or  less  com- 
pletely washed  out  and  carried  off  by  the  water  that 
trickles  through  them.  While,  therefore,  the  establish- 
ment of  drains  on  aU  soils  may  adapt  and  prepare  them 
for  further  improvements,  and  may  make  them  more 
grateful  for  every  labour  or  attention  that  may  be  bestow- 
ed  upon  them — yet  after  drainage  they  must  be  more  libe- 
rally dealt  with  than  before,  if  the  increased  fertility  they 
at  first  exhibit  is  to  be  permanently  maintained  or  in- 
creased. 

^S^  Of  the  theory  of  Springs, 

In  the  general  drainage  of  the  land  a  double  object  is 
Bought  to  be  attained.  In  very  rainy  districts,  the  first  wish 
of  the  farmer  is  to  carry  on  the  surface  water  from  his 
fields-— but  where  less  ram  fails,  that  which  ascends  from 
beneath  in  springs,  attracts  at  least  an  equal  share  of  the 
husbandman's  regard.  In  draining,  with  a  view  to  the 
removal  of  this  latter  source  of  superfluous  moisture,  a 
knowledge  of  the  true  theory  of  springs,  as  indicated  by 
an  examination  of  certain  geological  phenomena,  is  of  the 
greatest  possible  service  to  the  practical  man,  in  pointing 
oat  the  sources  from  which  the  water  that  injures  his  land 
proceeds,  as  well  as  the  lines  along  which  it  may  be  most 
efficiently  and  most  economically  carried  off. 

1^.  The  rain  which  falls  on  the  surface  of  an  extensive 
tract  of  country  partly  escapes  into  the  rivers,  and  partly 
sinks  into  the  earth.  This  latter  portion  descends  through 
the  covering  of  soil  and  other  loose  materials  till  it  reaches 
the  rocks  on  which  they  rest.  If  these  rocks  are  porous, 
like  many  sand-stones,  or  are  traversed  by  cracks  and  ver- 
tical fissures,  as  many  sand-stones  and  lime-stones  are,  it 
descends  through  them  also  till  it  reaches  a  bed,  such  as 
one  of  indurated  clay,  so  close  and  compact  as  to  resist  its 
further  passage.     By  this  impervioiu  bed  the  water  is  ar- 
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rested,  and  is,  therefore,  eompelled  to- spread  itself  taler- 
ally,  and  gradually  to  accumulate  in  tbe  beds  tbat  lie  above 
it.  Thus,  if  the  outline  from  A  to  C  in  the  annexed  dia- 
gram represent  tbe  surface  of  an  undulating  country,  in 

1 ■ ■■  A 

i 

;a 

I 

which  the  subjacent  rocks  (1,  2,  3,  4)  are  covered  by  a 
considerable  thickness  of  loose  materials,  the  rain  which 
falls  from  A  to  B  will  sink  more  or  less  rapidly  to  the 
bed  (i),  and,  if  this  be  impermeable  to  water,  will  rest 
there,  or  will  slowly  drain  off  in  the  direction  of  B  and  C 
along  the  inclined  surface  of  the  rock.  But  if  (1)  he  po- 
rous, it  will  sink  through  it  to  the  surface  of  the  bed  (S), 
and  through  this  also,  if  permeable,  to  (3)  or  (4),  until  it 
reach  a  stratum  through  which  it  cannot  pass.  Ob  the 
surface  of  this  latter  bed,  or  among  tbe  rocks  above  it,  the 
water  will  accumulate  until,  flowing  downwards  towards 
C,  it  is  enabled  either  to  sink  among  the  deeper  rocks,  or 
to  make  its  escape  again  t(»  the  surface. 

But  if  the  rocks  beneath,  as  is  shown  in  the  same  dia- 
gram from  E  to  F,  be  traversed  by  Vertical  fissures  pass- 
ing through  two  or  more,  or,  like  the  one  represented  from 
B  to  E,  through  a  great  number  of  beds,  the  water  that 
falls  on  the  surface  will  readily  find  a  passage  downwards 
to  a  considerable  depth,  and  to  the  same  cracks  the  water 
that  lodges  among  the  unfissured  rocks  from  D  to  £  ¥rtl1 
also  gradually  make  its  way. 

The  practical  effects  of  these  several  conditions  on  the 
drainage  of  a  country  are  very  obvious.  If  tbe  stratum  (1) 
be  impervious  to  water,  the  suiface  from  A  to  B  may  be 
full  of  water,  and  may  urgently  demand  the  introduction 
of  drains,  whereas  if  (1).  and  (2)  be  porous,  the  aurfiiee 
water  will  gradually  sink,  and  the  apparent  necessity  for 
artificial  drainage  will  become  much  less  striking.  On  the 
other  hand,  where  tbe  rocks  are  filled  with  frequent  cracks, 
as  from  B  to  0,  the  surface  water  may  descend  and  dia- 
appear  so  rapidly,  as  to  render  useless  the  sinking  of 
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wlls'  ■  ind,  ss  ia  dry  Mmmen,  greatly  to  retard  the  pro- 
greaa  of  the  crops,  or  even  seriously  to  injure  the  produce 
of  the  harrest.  In  such  a  fissured  state  are  the  magnesian 
Itme-stoBa  rocks  in  some  parts  of  the  county  of  Duiiiam— 
and  such  is  the  consequent  scarcity  of  water,  on  some 
&rmst  that  when,  in  long  droughts,  the  supply  presenred 
in  artificial  tanks  begins  to  fail,  tbe  cattle  must  be  driren 
to  water,  sometimes  for  miles,  to  the  nearest  living  brook. 
2^,  But  water  often  finds  its  way  to  great  depths  without 
passing  through  the  superior  strata,  and  even  where  they 
are  absolutely  impervious  to  tbe  rains  that  fall  upon  them. 


Thus  along  the  country  from  A  to  B,  and  especially  to- 
wards A,  the  surface  soil  rests  upon  the  upper  edges  of 
the  strata.  Suppose  now  the  beds  1, 2, 3,  to  be  impervious 
to  water,  the  rain  that  falls  wherever  these  rocks  lie  im* 
mediately  beneath  tbe  surface  will  either  remain  stagnant^ 
or  will  flow  ofi*  by  some  natural  drainage-  Thus  from  the 
highest  point  C  in  the  above  diagram,  the  water  will  de- 
scend on  either  hand  towards  a  and  b.  At  6  it  may  re* 
main  stagnant,  for  it  cannot  descend  through  the  bed  (2), 
which  forms  the  bottom  of  the  valley,  and  tbe  same  is  true 
of  the  hollow  c,  in  which  other  portions  of  the  water  will 
rest.  All  this  tract  of  country,  therefore,  will  be  more  or 
less  cold,  wet,  and  consequently  unproductive.  But  let 
the  bed  (4),  the  edge  (or  aulcrop)  of  which  forms  the  sur* 
face  at  a,  be  porous  or  permeable,  then  the  water  whieh 
falls  upon  that  spot  or  which  descends  from  tbe  higher 

S rounds  about  C  and  A,  will  readily  sink  and  drain  ofl^ 
escending  from  a  towards  d  along  the  inclined  bed  till  it 
finds  an  outlet  in  the  latter  direction. 

Thus  it  may  readily  happen  that  a  naturally  dry  and 
fertile  valley,  as  at  a,  may  exist  at  no  great  distance  frcm 
others,  b  and  ^  which  are  marshy  and  insalubrious,  and  in 

2* 


wtdch  artificial  drainage  akme  can  devolofye  the  agridol- 
taral  capabilitiea  of  the  soil.  It  appears  also  that,  though 
in  any  aistrict  the  ro€ks  which  he  irnmediately  beneath 
the  surface  may  contain  no  water,  and  may  allow  none  to 
pass  through  then,  yet  thut  other  beds,  perhaps  at  a  great 
depth  beneath,  may  contain  mach.  It  is,  in  fact,  this  ac* 
cumulation  of  water  beneath  impenrious  beds  that  gives 
rise  to  many  natural  springs,  ana  enables  us  by  artificial 
wells  to.  bring  water  to  the  surface — often  where  the  land 
would  otherwise  be  wholly  uninhabitable. 

30.  Thus  in  undulating  oouptries,  ^here  hill-aides  fre- 
quently present  themselves,  or  vallies  are  scooped  out 
among  the  rocks,  as  in  the  following  wood-cut,  the  water 


that  has  fhllen  over  the  high  grounds  towards  A,  and  has 
entered  as  above  diescribed,  or  has  sunk  down  to  the  seve- 
ral strata  I,  2,  3,  &c.,  will  find  a  ready  outlet  along 
the  slope  of  the  valley,  and  will  give  rise  to  springs  at  a, 
bf  c,  or  d,  according  as  the  water  has  lodged  in  the  one  or 
the  other  of  these  beds.  These  springs  will  fijl  the  sur- 
face soil  with  water,  which  will  also  descend  into  the  bot- 
tom of  the  valley,  and,  if  no  sufficient  outlet  be  provided 
for  it,  will,  according  to  its  quantity,  give  rise  to  a  lake,  a 
bog,  or  a  morass.  On  the  slope  towards  B,  the  same 
springs  are  not  to  be  expected;  since  the  rains  which  sink 
through  the  surface  on  this  side  of  the  valley,  and  lodge 
in  the  porous  rocks  beneath,  will,  by  the  incKnation  of  the 
beds,  be  drawn  off' in  the  opposite  direction,  till  a  second 
valley  or  some  other  available  outlet  present  itself  for  their 
escape.  This  explains  why  the  land  on  one  side  of  a 
valley  or  of  a  hill  is  often  much  drier  than  on  the  othen 
and  why,  even  in  the  absence  of  the  improver's  skill,  an 
apparently  more  fertile  soil  may  exist,  and  better  crops  be 
reaped; 

A^.  Again,  such  an  outlet  for  the  waters  that  rest  among 
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inclined  Btrmta  is  not  unfrequently  affhrded,  without  the 
inteireotion  of  Tallies,  and  even  in  level  or  hilly  countries, 
hy  the  existence  of  «/«/»  or  JomIu  in  the  rocks  beneath. 
Such  a  slip  or  shifting  of  the  beds  is  represented  in  the 
following  diagram,  in  which  B  D  is  a  crack,  along  which 


the  strata  from  B'  to  C  appear  to  have  dipptd  downwards, 
so  that  the  thi&  bed>,  (2)  for  example,  which  termhiates  at 
h  on  the  one  side  of  the  crack,  l>egins  again  at  a  lower 
level  c  on  the  other  side,  and  so  with  the  other  beds  that 
lie  above  and  below  it.  None  of  them  is  exactly  contin- 
uous on  the  opposite  sides  of  the  slip.  From  such  cracks 
or  faults  in  the  beds,  springs  of  water  often  rise  to  the 
surface,  even  on  hilNtops,  as  at  B,  and'  they  may  be  thus 
thrown  or  forced  out  from  either  of  two  causes — 

1.  These  slips  are  often  of  considerable  width,  and  are 
usually  found  to  be  filled  with  impervious  clay.  This  is 
the  case  at  least  among  the  coal-measures,  which  have 
been  the  most  extensively  explored.  The  effect  of  this 
wall  of  clay  is  to  dam  back  at  B  D  the  water  which  de- 
scends along  the  inclined  beds  towards  C  from  the  coun- 
try beyond  A,  and  thus  to  arrest  hs  further  progress. 
But  the  pressure  nf  the  water  behind  forces  that  whicH 
has  reached  the  fault  B  D  to  seek  a  way  upwards,  and«  as 
spaces  not  unfrequently  exist  between  the  wait  of  clay  and 
the  rocks  between  which  it  stands,  the  water  finds  a  more 
or  less  ready  outlet  at  the  surface  B,  and  either  gushes 
forth  as  a  living  and  welcome  spring,  or  oozes  out  unseen 
among  the  soil,  rendering  it  cold,  wet,  and  unproductive. 
Thus  Irom  h  the  water  accumulated  in  the  bed  (2)  may 
rise  to  the  surface,  or  from  f  that  which  exists  in  (4),  or 
from  any  other  bed  in  which  water  exists,  and  from  al- 
most any  depth. 

2.  But  even  where  no  such  wall  of  clay  exists,  tha  wa- 
ters may  still  find  their  way  to  the  surface  along  lines  of 
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fiiiilty  mod  fiom  grett  depths.  Thus,  siippose  tke  dm  bed 
(2)  to  be  fall  of  water,  and  that  it  is  covered  by  aa  imper* 
▼ious  bed  (I),  tben  the  water  which  lends  downwards  mmi 
0  to  ^  will  be  arrested  at  the  fault,  and  dammed  back  bj 
die  impervious  extremity  of  (1)  i^ainst  which  it  now  rests* 
If  an  outlet  can  be  found,  it  will  therefore  rise  towards 
the  surface.  And  as  the  rocks  incline  upwards  in  the  di- 
recdon  of  A,  the  pressure  from  behind  may  easily  caose 
the  water  to  ascend  to  the  summit  of  the  hill  at  B,  and  to 
gush  out  in  a  more  or  less  copious  spring. 

5^.  Where  no  natural  outlets  ot  tlie  kind  above  de- 
scribed exist  in  a  district,  there  may  be  a  great  scarcity  of 
water  on  the  surface,  while  abundance,  as  we  have  al- 
ready seen  (2^),  may  exist  in  the  rocks  benesth,  ready 
and  willing  to  rise  if  a  passage  be  opened  for  it.  Such  is 
die  case  with  the  site  of  the  City  of  London,  represented 
below: — 


etAIbu't. 


Hampitoid. 


Lm«  RiTtr 

don.  TbaaM.    8fd«nhuii. 


•aCTION  ACaOM  THI  LONDON  BAMN  FftOM  IT.  ALBAN*a  TO  KNQCKIiOIiT. 

«  {Buekimtf^  Briigtwmiwr  TVmMm,  jri«te  flS) 

1.  Marine  Sand.  I  3.  PlaaUc  Clay  and  Sand, 

a.  London  Clay  (almoet  impermeable.)  |  4.  Chalk,  both  ftill  of  waier. 

The  rain-water  which  falls  between  a  and  A  on  the  one 
hand,  and  upon  the  plastic  clay  and  chalk  between  d  and 
B  on  the  other,  sinks  into  these  two  beds  and  rests  in  them 
till  it  finds  an  escape.  It  cannot  rise  through  the  great 
thickness  of  impervious  clay  ob  which  London  and  its 
neighborhood  stands,  unless  where  wells  are  sunk,  as  above 
represented  at  a,  &,  c,  d,  either  into  the  plastic  clay  (3), 
or  iuto  the  chalk  (4),  when  the  water  ascends  copiously 
till  it  reaches  the  general  level  of  the  country  about  St. 
Alban*s,  the  lowest  part  of  the  basin  where  the  permeable 
beds  fonn  the  surface.    Hence,  in  the  vale  of  the  Thames 
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ftt  &,  it  rises  aboTe  the  surface,  and  forms  a  living  spring, 
while  at  other  places,  as  at  a,  c,  d,  it  has  still  to  be  pumped 
up  from  a  greater  or  less  depth.*  It  is  the  existence  of 
water  beneath  the  surface  where  the  soils  rest  on  imper- 
meable beds,  and  the  known  tendency  of  these  waters  to 
rise  when  a  boring  is  sunk  to  them,  that  have  given  rise  to 
the  establishment  of  Artegianj  wells,  so  frequently  exe- 
cuted, and  with  so  much  success,  in  recent  times.  There 
is  probably  no  geological  fact  that  promises  hereafter  to 
be  of  more  practical  value  to  mankind,  when  good  govern- 
ment and  the  arts  of  peace  shall  obtain  a  permanent  rest- 
ing-place in  those  countries  where,  without  irrigation,  the 
soil  remains  hopelessly  barren.  Wherever  a  livmg  spring 
bursts  out  in  the  sands  of  Arabia,  in  the  African  deserts, 
or  in  the  parched  plains  of  South  America,  an  island  of 
perennial  verdure  delights  the  eye  of  the  weary  traveller, 
and  wherever  in  such  countries  the  labour  of  roan  has 
been  expended  in  digging  wells,  and  in  raising  water 
from  them  for  artificial  irrigation,  the  same  beaut v  and 
fertility  always  appear.  It  has  recently  been  found  that 
the  Oases  of  Thebes  and  Garba,  in  Upper  Egypt,  where 
the  blown  sands  now  hold  a  scarcely  disputed  dominion, 
are  almost  riddled  with  wells  sunk  by  the  ancient  Egyp- 
tians, but  for  the  greater  part  long  since  filled  up.  The 
re-opening  of  such  wells  might  restore  to  these  regions 
their  long  lost  fertility,  as  the  sinking  of  new  ones  by  our 
easier  and  more  economical  methods  might  reclaim  many 
other  wide  tracts,  and  convert  them  to  the  use  of  man.  In 
contemplating  what  man  may  do,  when  his  angry  passions 
and  his  prejudices  do  not  interfere  with  the  exercise  of 
his  natural  dominion  over  dead  matter,  it  is  not  unreason- 
able to  hope  that,  guided  by  such  indications  of  natural 

^  In  Januaiy,  1840,  ihere  were  stated  to  be  in  the  London  clay  upwards  of 
200  such  wellB.  of  which  174  were  in  London,  and  of  which  latter  30  taken 
together  were  known  to  yield  SO  millions  of  ^Uons  weekly.  This  num- 
ber of  wells  has  since  been  increased,  and  is  suU  increasing.  The  borings 
are  generally  carried  down  into  the  chalk,  because  the  water  which  a«ceiidt 
from  the  plastic  clay  lias  been  found  to  bring  with  it  much  sand,  which 
both  obstructs  the  pipes  and  ia injurious  to  thepunips. 

t  So  called  from  the  district  of  4rtoUt  in  France,  in  which  it  was  for- 
merly supposed  that  such  borings  had  been  longest  or  moat  extensively 
pcactiaed. 


22    BrFECT  OF  ALTBRIiATC  LAf  BM  OP  BAUD  AKD  CLAT. 

Boience,  human  iodustry  may  hereafter,  by  slow  degrees, 
re-establbh  its  power  in  loog  deserted  regions  of  country, 
spreading  abundance  over  the  broad  wilderness,  staying 
the  Arab's  wandering  foot,  and  fixing  his  household  in  a 
permanent  and  plenteous  home. 

6^.  It  not  unfrequently  happens  that  alternate  layers  of 
sand  and  clay  overspread  the  rocks  of  a  country,  and  act 
in  arresting  or  in  throvnng  out  the  surface  water  in  the  aaaae 
manner  as  the  solid  strata  beneath.  Thus  under  the  sur- 
fiice  A  B  here  represented,  alternate  layers  of  sand  and 
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clay  overspread  the  inclined  beds  of  rock,  and  alone  ailect 
not  only  tne  quality  but  the  state  of  dryness  also  of  the 
soil. 

The  rain  which  falls  on  the  upper  bed  of  sand  will  sink 
no  further  than  the  first  bed  of  clay,  and  will  appear  as 
a  spring,  or  will  form  a  wet  band  along  the  side  of  the  hiU, 
at  a.  That  which  falls  or  exists  in  the  second  bed  of  sand 
will  in  like  manner  come  to  day  at  b,  c,  and  d^  e,  filling  the 
two  vallies  more  or  less  with  water,  and  forming  wet  tracts 
of  country  resting  upon  a  lowep  bed  of  impervious  clay. 

In  endeavouring  to  form  a  satisfactory  opinion  as  to  the 
best  mode  of  draining  a  piece  of  land,  it  is  of  great  impor- 
tance to  be  able  to  determine  not  only  the  immediate  na- 
tural source  of  the  water  we  are  desirous  to  remove,  but 
also  the  probable  quantity  it  may  be  necessary  to  carry  off, 
and  the  permanence  of  the  supply.  It  is  well  known,  for 
example,  that  in  many  spots,  when  the  accumulated  waters 
are  once  carried  off  there  remains  only  a  small,  and  pro- 
bably intermitting  supply,  for  which  an  outlet  is  afterwards 
to  be  left  and  kept  open  ;  while  in  other  localities  a  con- 
stant stream  of  water  is  seen  to  pass  along  the  drains.  In 
connection  with  this  point  it  is  of  consequence  to  make  out 
whether  the  water  is  thrown  out  by  surface  clays,  as  in 
this  latter  diagram,  or  flows  from  among  the  solid  rocks  at 
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a  greater  or  less  depth-^as  shown  in  the  preceding  wood* 
cuts.  That  which  is  thrown  out  by  beds  of  clay  is  in  most 
cases  derived  only  from  the  rains  that  falJ,  and  is,  therefore^ 
liable  to  intermit,  to  cease  altogether,  or  to  become  more 
copious,  according  as  the  season  is  dry  or  otherwise  ;  while 
that  which  escapes  from  a  bed  of  rock,  being  independent 
of  the  seasons,  will  seldom  vary  in  quantity.  Thus  it  hap* 
pens  that  where  surface  water  only  stagnates  in  the  soil 
of  a  district,  a  warm,  dry,  and  long  continued  summer  may 
cause  it  to  yield  a  crop  of  unusual  excellence,  while  other 
soils  fed  by  springs  from  beneath  may,  even  in  such  sea- 
sons, still  retain  moisture  enough  to  render  them  unfit  to 
rear  and  ripen  a  profitable  crop  of  com. 

70.  There  remains  one  other  interesting  principle  con- 
nected with  this  subject,  which  1  must  briefiy  explain  to 
you.     Let  C  and  D  in  the  accompanying  wood-cut  be  two 


impervious  beds  through  which  the  water  finds  no  escape, 
and  from  which  the  rains  pass  off  only  by  the  natural  in* 
clination  of  the  ground,  and  let  E  be  a  porous  bed  from 
which  the  water  finds  a  ready  escape  somewhere  towards 
the  right.  Then  if  a  boring  be  sunk  through  C  and  D  in 
any  part  of  this  tract  of  country,  the  water  will  descend, 
and  will  be  absorbed  by  the  bed  E.  Such  dry,  porous,  or 
absorbent  beds  exist  in  many  localities,  and  the  skilful  drai- 
ner may  occasionally  avail  himself  of  their  aid  in  easily  and 
effectually  freeing  land  from  water,  which  could  not  with- 
out great  cost  be  permanently  drained  by  any  other  me- 
thod. Where  water  collects  on  the  surface  resting  upon 
chalk,  or  upon  the  loose  sands  beneath  it,  this  method  of 
boring  is  frequently  had  recourse  to  in  some  of  our  south- 
em  counties.  One  danger,  however,  is  to  be  guarded 
against  in  trying  this  method,  that  the  bore-rod,  namely, 
nay  enter  a  bed  which  is  full  of  water,  and  from  which  as 
in  Artesian  wells,  it  may  readily,  and  in  considerable  quan- 
tity, ascend.    Such  a  boring  it  is  obvious  would  only  add 
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to  the  evil,  and  tniglit  render  necessary  a  larger  cratla^  ia 
eatablinhing  an  efficient  system  of  drainage  by  the  ordim- 
ry  method,  than  would  otherwise  havn  been  required.* 

I  do  not  enter  into  any  further  details  in  regard  to  the 
appticai ion  of  these  principles  to  tiie praetiee  of  draimng, 
being  satisGeJ  that  when  you  have  once  luaatered  the  prin- 
ciples ihemseWea,  the  applications  will  readily  saggest 
themaelvea  to  your  own  minds  when  circumstsDcea  require 


^  4.  C^pltmghing  and  tubtoiUng. 

I.  Ploughing. — Apart  from  the  obvious  effect  of  plougfa- 
ing  the  land,  in  destroying  weeds  and  insects,  the  immedi- 
ate advantage  sought  for  by  the  farmer  is  the  reduction  of 
bit  soil  to  a  state  of  minute  division.  In  this  state  it  is 
not  only  more  pervious  to  the  mots  of  his  com,  but  it  also 
gives  a  more  ready  admission  to  the  air  and  to  water. 

Of  the  good  effects  produced  by  the  easy  descent  and 
eacape  of  water  from  toe  surface,  I  have  already  spoken 
(p.  6),  but  the  permeability  of  the  soil  to  air  is  no  less 
useful   in  developing  its  natural   powers  of  production. 

*  It  MHoelimei  happana  (hat  in  rinking  an  eld  well  deepar  lor  ibe  pm^ 
pOMof  obtainingabeuer  aupply  of  wBI«r,  Ihe  original  apriop  diappoai 
-■'- gelher.     Thia    ia  owing  to  the  Dccumnee 

^  -■",  ofana&ertiBtfbiKLinwhk* 

idiog  •till  fa 
ten  Mlbun 
rnrthor  Ihan  tba 

ik  up,  if  noL  pr«Ten(ed  by  the  in   .       

■I  pipe.  AdvaDtageia»m*linie)t*kMiofdM 
Hn  eiiiieDce  of  nich  ahaortwDt  atnlk.  notmlj 
ha  purpoaei  of  draining,  bal  alao  l«  nmoT- 

luunpleof  Buch  AppUcalkHiiii  tobeseenatSL 
lis,  in  Lhe  Place  uii  Gaeldrea,  whore  Ike 
»r  from  the  bed/ot  ihe  dtpih  of  aOU  feel  m- 
Ib  thioDgh  the  inaerlDbeo — Trom  amthetbed 

160  feet,  ihniugh  ihs  tubs  b,  while  between 
id  the  nuiermoit  tuba,  llinnigh  tbe  apec*  c, 

lent  down  atain  after  it  haa  been  amplovv 
n  waahing  the  aqoue,  ud  diwppealB  in  tbe 


depth, 

water diaappean,  BydBacendiiuitill  Fnttt 
cond»nppIy  of  water  may  often  be  Ibund,  I 
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How  important  the  presence  of  Ibe  air  is  both  to  the  main- 
tenance of  animal  and  to  the  support  of  vegetable  Ufe,  we 
have  hod  frequent  occasion  to  observe.  By  its  oxygen 
the  breathing  of  animals  is  sustained,  and  by  its  carbonic 
aoid  the  living  plant  is  fed.  On  the  earthy  particles,  of 
which  the  soil  consists  aIso»  the  influence  of  these  gaseous 
substances,  though  not  so  visible  and  striking,  is  of  almost 
equal  consequence  in  the  economy  of  nature.  Among 
other  immediate  beneBts  derived  from  the  free  access  of 
air  into  the  soil,  we  may  enumerate  the  following  : — 

1°.  The  .presence  of  oxygen  in  the  soil  is  necessary  to 
the  healthy  germination  of  all  seeds  (p.  195),  and  it  is 
chiefly  because  they  are  placed  beyond  its  reach,  that  those 
of  many  plants  remain  buried  for  years  without  signs  of 
life,  though  they  freely  sprout  when  again  brought  to  the 
surface  and  exposed  to  the  air.  We  have  also  seen  rea- 
son to  believe  (p.  109),  that  the  roots  of  living  plants  re- 
quire a  supply  of  oxygen  in  order  that  they  may  be  main- 
tained 4n  a  healthy  condition.  Such  a  supply  can  only  be 
obtained  where  tbe  soil  is  saiiiciently  open  to  permit  the 
free  circulation  of  the  air  among  its  pores. 

2^,  In  the  presence  of  air  the  decomposition  of  the  vege- 
table matter  of  the  soil  proceeds  more  rapidly — it  is  more 
speedily  resolved  into  those  simpler  forms  of  matter,  car- 
bonic acid  and  water  chiefly  (p.  228),  which  are  fitted  to 
minister  to  the  growth  of  new  vegetable  races.  In  the  ab- 
sence of  the  air  also,  not  only  dues  this  decomposition  pro- 
ceed more  slowly,  but  the  substances  immediately  pro* 
duced  by  it  are  frequently  unwholesome  to  the  plant,  and 
therefore  fitted  to  injure,  or  materially  to  retard,  its 
growth. 

30.  When  the  oxygen  of  the  air  is  more  or  less  ex* 
eluded,  the  vegetable  matter  of  the  soil  takes  this  element 
from  such  of  the  earthy  substances  as  it  is  capable  of  de- 
composing, and  reduces  them  to  a  lower  state  of  oxida- 
tion. Thus  it  converts  the  red  or  ^^er-itxide  of  iron  into 
the  J7r0^oxide  (p.  311),  and  it  acts  in  a  similar  manner  up- 
on the  oxides  of  manganese  (p.  315.)  It  also  takes  their 
oxygen  from  the  sulphates  (as  from  gypsum),  and  converts 
them  into  sulphurets.    These  lower  oxides  of  iron  and 
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nanganese  are  injurious  to  vegetation,  and  it  iaoneof  tlie 
beneficial  purposes  served  by  turning  up  the  soil  in  plough* 
ing,  or  by  otherwise  locisening  it  so  as  to  allow  the  free  ad- 
mission  of  atmospheric  air,  that  the  natural  production  of 
these^oxides  is  either  in  a  great  measure  prevented,  or  that 
when  pr«>duced  they  speedily  become  harmless  again  by 
the  absorption  of  an  additional  dose  of  oxygen. 

4^.  Further,  there  are  few  soils  which  do  not  contain,  in 
some  quantity,  fragments  of  one  or  other  of  those  com- 
pound mineral  substances  of  which,  in  a  previous  lecture 
(xii.,  p.  374),  we  have  seen  the  ct*ystalline  rocks  to  con- 
sist— of  hornblende,  of  mica,  of  felspar,  Arc,  in  a  decom- 
posing state.  From  these  minerals,  as  they  decompose, 
the  soil,  and  therefore  the  plants  that  grow  in  it,  derive 
new  supplies  of  several  of  those  inorganic  substances 
which  are  necessary  to  the  healthy  nourishment  of  culti- 
vated crops.  The  continued  decomposition  of  these  mi- 
neral fragments  is  aided  by  the  access  of  air,  and  near  its 
Surface,  in  an  especial  manner,  by  the  carbonic  acid  which 
the  air  contains.  A  state  of  porosity  therefore,  or  a  fre- 
quent exposure  to  the  air,  is  favourable  to  the  growth  ol 
the  plant,  by  presenting  to  its  roots  a  larger  abundance  not 
only  of  organic  but  also  of  inorganic  food. 

fi°.  Again,  that  production  of  ammonia  and  of  nitric  acid 
in  the  soil,  to  which  I  drew  your  especial  attention  on  a 
former  occasion  (pp.  236  and  241),  as  apparently  <»f  so 
much  consequence  to  vegetable  life,  takes  place  more 
rapidly,  and  in  larger  quantity,  tlie  more  frequently  the 
land  is  turned  by  the  plough,  broken  by  the  clod-crusher, 
or  stirred  up  by  the  harrow.  Whatever  amount  of  either 
of  these  compounds,  also,  the  suriace  soil  is  capable  of  ex- 
tracting from  the  atmr>sphere,  the  entire  quantity  thus  ab- 
sorbed will  evidently  be  greater,  and  its  distribution  more 
uniform,  the  more  completely  the  whole  soil  has  been  ex- 
posed to  its  influence.  It  is  for  this,  among  other  reasons^ 
that,  as  every  farmer  knows,  the  better  he  can  plough  and 
pulverize  his  land,  the  more  abundant  in  general  are  the 
crops  he  is  likely  to  reap. 

6<>.  Nor  lastly,  though  in  great  part  a  mechanical  bene- 
fit, is  it  one  of  little  moment  that  when  thus  every  where 
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pervioas  to  the  air,  the  roots  also  can  penetrate  the  soil  in 
every  direction.  None  of  the  food  around  them  is  shut 
up  from  the  approach  of  their  numerous  fibres,  nor  are 
they  prevented,  by  the  presence  of  noxious  substances, 
from  throwing  out  branches  in  every  direction.  A  deep 
soil  is  not  absolutely  necessary  for  the  production  of  vahj* 
able  crops.  A  well-pulverized  and  mellow  s(»il,  to  which 
the  air  and  the  roots  have  every  where  ready  access,  will, 
though  shallow,  less  frequently  disappoint  the  hopes  of  the 
husbandman, — than  were  a  greater  depth  prevails,  less 
permeable  to  the  air,  and  therefore  less  wholesome  to  the 
growing  roots. 

II.  Suhsoil  ploughing, — And  yet,  as  a  general  rule,  it 
cannot  be  denied  that  a  deep  soil  is  greatly  superior  ia 
value  to  a  shallow  soil  of  the  same  nature.  It  is  so  both 
to  the  owner  and  to  the  occupier,  though  in  too  many 
cases  the  available  qualities  of  deep  soils  have  hitherto 
been  more  or  less  overlooked  and  neglected. 

The  general  theoretical  principle  on  this  subject — that 
the  deeper  the  soil  the  longer  it  may  be  cropped  without 
the  risk  of  exhaustion ;  and  the  greater  the  variety  of 
crops,  deep  as  well  as  shallow-rooted,  which  may  be 
grown  upon  it — is  so  reasonable  in  itself,  as  to  command 
a  ready  acquiescence.  But  a  soil  is  virtually  shallow 
where  a  few  inches  of  porous  earth,  often  turned  by  the 
plough,  rest  upon  a  subsoil,  hard,  stiff,  and  almost  imper- 
vious,— and  the  practical  farmer  will  rarely  be  willing  to 
allow  the  depth  of  the  latter  to  influence  his  opinion  in 
regard  to  the  general  value  of  the  land.  And  in  this  he 
is  so  far  correct,  that  a  subsoil  must  be  dried,  opened  up, 
mellowed  by  the  air,  and  rendered  at  once  pervious  and 
wholesome  to  the  roots  of  plants,  before  it  can  be  made 
available  for  the  growth  of  corn.  This  may  be  effected, 
after  draining,  by  the  use  of  the  subsoil  plough,  an  instru- 
ment at  present,  I  believe,  unequalled  for  giving  a  real, 
practical,  and  money- value  to  stiff  and  hitherto  almost 
worthless  clayey  subsoils.  It  is  an  auxiliary  both  to  the 
surface  phiugh  and  to  the  dtain,  and  the  source  of  its  effi- 
eacy  will  appear  from  the  following  considerations  : — 

l^.  The  surface  plough  turns  over  and  looaeDs  the  soil 
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to  the  depth  of  6  to  10  inches — the  subsoil  plough  tears 
open  and  loosens  it  to  a  further  depth  of  8  or  10  inches. 
Thus  the  water  obtains  a  more  easy  descent,  and  the  air 
penetrates,  and  the  n>ots  more  readily  make^  their  way 
among  the  particles  of  ihe  under-soif.  So  far  it  is  an  aux- 
iliary to  the  common  plough,  and  assists  it  in  aerating  and 
mellowing  the  soil. 

2<>.  But  though  it  opens  up  the  soil  fora  time  to  a  greater 
depth,  the  subsoil  plough  will  in  most  cases  afford  no  per- 
manent cure  for  the  deBciencies  of  the  subsoil,  if  unaided 
by  the  drain.  If  the  soil  rest  upon  an  indurated  substra- 
tum— upon  a  calcareous  or  ochrey  pan — this  plough  may 
tear  it  up,  may  thus  allow  the  surface  water  to  sink,  and 
may  greatly  benefit  the  land ;  but  the  same  petrifying  ac- 
tion will  again  recur,  and  the  benefit  of  the  subsoiling  will 
slowly  disappear.  Or,  if  the  subsoil  contain  some  noxious 
ingredients,  such  as  salts  of  iron,  which  the  admission  of 
air  is  fitted  to  render  harmless,  then  the  use  ojTthis  plough 
may  afford  a  partial  amelioration.  But  in  this  case,  also, 
the  effect  will  be  only  temporary;  since  the  source  of  the 
evil  has  not  been  removed,  the  same  noxious  compounds 
will  again  be  naturally  produced;  or  will  again,  in  fresh 
supplies,  be  conveyed  into  the  soil  by  springs.  Or,  if  the 
subsoil  be  a  stiff  clay,  containing  no  noxious  ingredient,  it 
may  be  cut,  or  for  the  time  torn  asunder,  but  scarcely  will 
the  plough  have  passed  over  it  till  the  particles  will  be 
again  cemented  together,  and  probably,  by  the  end  of  a 
single  season  at  the  furthest,  the  under-soil  may  be  as  solid 
and  impermeable  as  ever. 

It  is  as  the  follower  of  the  drain>  therefore,  in  the  course 
of  improvement,  that  the  subsoil  plough  finds  its  most 
beneficial  and  most  economical  use.  After  land  has  been 
drained,  the  water  may  still  too  slowly  pass  away,  or  the 
air  may  have  too  imperfect  an  entrance  into  the  subsoi) 
from  which  the  drains  have  removed  the  water.  In  the 
former  case,  the  subsoil  plough  must  be  employed,  in  order 
that  the  drains  may  become  fully  efficient ;  in  the  latter, 
that  the  under-layers  may  be  opened  up  to  all  the  bene$- 
cial  influences  which  the  atn(K>8pbere  is  fitted  to  exert  oDon 
them.    In  this  respect  it  is  an  auxiliary  to  the  drain.     But 
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as  the  full  effect  which  the  suhsotT  plough  is  capable  of 
producing  upon  stiff  and  clayey  subsoils,  can  only  be  ob- 
tained after  they  have  been  brought  to  such  a  state  of  dry- 
ness  that  the  sides  of  the  cut  or  tear,  which  the  plough  has 
made,  will  not  again  readily  c(»here,  it  is  of  importance 
that  the  drains  should  be  allowed  a  considerable  time  to 
operate  before  the  use  of  this  plough  is  attempted.  The 
expense  of  the  process  is  comparatively  great,  and  this 
expense  will  be  in  a  great  measure  thrown  away  upon 
clay  lands,  which  are  undrained,  or  from  whicli  the  water, 
either  through  defective  draining,  or  from  tiie  want  of  suf- 
ficient time,  has  not  been  able  fully  to  flow  away.  There 
are  few  kinds  of  clay  land  on  which  the  judicious  use  of 
this  valuable  instrument  will  not  prove  both  actually  and 
economically  useful,  though  from  the  neglect  of  the  above 
necessary  precaution,  it  has  been  found  to  fail  in  the  hands 
of  some.  Such  failures,  however,  do  not  justify  us  in  as- 
cribing to  some  fancied  defect  in  the  instrument,  or  in  the 
theory  upon  which  its  use  is  recommended,  what  necessa- 
rily arose,  and  could  have  been  predicted,  from  r)ur  own 
neglect  of  an  indispensable  preliminary  observation.  The 
sanguine  anticipations  of  its  inventor,  Mr.  Smith,  of  Dean- 
ston,  may  not  be  fully  realized,  yet  the  value  of  the  subsoil 
plough  itself,  and  the  benefits  it  is  fitted  to  confer,  when 
rightly  used,  appear  to  me  to  be  both  theoretically  and 
practically  established. 

§  5.  Of  deep'floughing  and  trenching*, 

Deep-plonghing  and  trenching  differ  from  ordinary  and 
subsoil  ploughing  in  this, — ^that  their  special  object  is  to 
bring  to  the  surface  and  to  mix  with  the  upper-soil  a  por- 
tion of  that  which  has  lain  long  at  a  considerable  depth, 
and  has  been  more  or  less  undisturbed. 

The  benefit  of  such  an  admixture  of  fresh  soil  is  in  many 
localities  undoubted,  while  in  others  the  practical  farmer 
is  decidedlyopp  osed  to  it.  On  what  ptincipte  does  its  be* 
neficial  action  depend,  and  in  which  circumstances  is  it 
likely  to  be  attended  with  disadvantage  1 

1^.  It  is  known  that  when  a  heavy  shower  of  rain  falls 

3» 
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it  sinks  into  the  soil,  and  carries  down  with  it  such  readilj 
soluble  substances  as  it  meets  with  on  the  surface.  But 
other  sub;»tances  also,  which  are  more  spcuingly  soluble, 
slowly  and  gradually  find  their  way  into  the  subsoil,  and 
there  raore  or  less  permanently  remain.  Among  these 
may  be  reckoned  gypsum,  and  especially  those  silicates 
of  potash  and  soda  already  spoken  of  (p.  303),  as  appa* 
rently  so  useful  to  com- growing  plants.  Such  substances 
as  these  naturally  accumulate  beyond  the  reach  of  the  or- 
dinary plough.  Insoluble  substances  likewise  slowly  sink. 
This  is  well  known  to  be  the  case  with  lime,  when  laid 
upon  or  ploughed  into  the  land.  So  it  is  with  clay,  when 
mixed  with  a  surface  soil  of  sand  or  peat.  They  all  de« 
scend  till  they  get  beyond  the  reach  of  the  common  plough 
—and  more  rapidly  it  is  said  (in  Lincolnshire)  when  the 
land  is  laid  down  to  grass  than  when  they  are  constantly 
brought  to  the  surface  again  in  arable  culture.  Thus  it 
happens  that  after  the  surface  soil  becomes  exhausted  of 
one  or  other  of  those  inorganic  confounds  which  the  crops 
require,  an  ample  supply  of  it  may.  he  still  present  in  the 
subsoil,  though,  until  turned  up,  unavailable  for  the  promo^ 
tion  of  vegetable  g^^owth* 

There  can  be  little  question,  I  think,  that  the  greater 
success  which  attends  the  introduction  of  new  implements 
in  the  bands  of  better  instructed  men,  upon  farms  long  held 
in  arable  culture,  is  to  be  ascribed  in  part  to  this  cause. 
One  tenant,  during  a  long  lease,  has  been  in  the  habit  of 
ploughing  to  a  depth  of  three,  or  at  most;  perhaps,  of  four 
inches — and  from  this  surface  the  crops  he  has  planted 
have  derived  their  chief  supplies  of  inorganic  food.  He 
has  limed  his  land  in.  the  customary  manner,  and  has  laid 
upon  it  all  the  manure  he  coukl  raise,  but  his  crr^  have 
been  usually  indifferenty  and  he  considers  the  land  of  com* 
paraiively  little  value.  But  another  tenant  comes,  and 
with  better  implements  turns  up  the  land  to  a  depth  of  7 
or  8  inches.  He  thus  brings  up  to  the  surface  the  lime 
and  the  accumulated  manures  which  have  naturally  sunk, 
and  which  liis  predecessor  had  permitted  year  after  year 
to  bury  themselves  in  his  subsoil.  He  thus  has  a  uew^ 
often  a  rich, -and  almost  always  a  virgin  soil  to  work  upon 
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wliiob  from  being  long  buried,  may  require  a  win- 
ter's exposure  and  mellowing  in  the  air,  but  which  in  most 
cases  is  sure  to  repay  him  for  any  extra  cost.  The  deep 
ploughing  which  descends  to  14  inches,  or  the  trenching 
wbieb  brings  up  a  new  soil  from  the  depth  of  20  or  30 
inches,  is  only  an  extension  of  the  same  practice.  It  is 
justified  and  recommended  upon  precisely  the  same  prin*^ 
ciple.  It  not  only  brings  a  new  soih  containing  ample 
nourishment,  to  the  immediate  roots  of  plants,  but  it  aiTords 
them  also  a  deeper  and  more  open  subsoil  through  whicli 
their  fibres  may  proceed  in  every  direction  in  search  of 
food.  The  full  benefits  of  this  deepening  of  the  soil,  how* 
ever,  can  only  be  expected  where  the  subsoil  has  previ* 
ously  been  laid  dry  by  drains ;  for  it  matters  not  how  deep 
the  loosened  and  permeable  soils  may  be,  if  the  aceumu* 
lation  of  water  prevent  tlio  roots  from  descending. 

2^.  Two  practical  observations,  however,  may  here  be 
added,  which  the  intelligent  farmer  will  always  weigh  well 
before  he  hastily  applies  this  theoretical  principle— -sound 
though  it  undoubtedly  be-~in  a  district  with  which  he  has 
no  previous  acquaintance.  It  is  possible  that  the  deeper 
soil  may  contain  some  substance  decidedly  noxious  to  ve'ge- 
tation.  In  such  a  case  it  would  be  improper  at  once  to 
mix  it  with  the  upper  soil.  Good  drains  most  be  estab- 
lished, they  must  be  allowed  some  time  to  act,  and  the 
subsoil  plough  will  be  used  with  advantage,  before  any 
portion  of  such  an  under-soil  ran  be  safely  brought  to  the 
surface.  The  subsoil  plough  and  the  drain,  indeed,  as  I 
have  already  mentioned,  are  the  most  certain  available  re- 
medies for  such  a  state  of  the  subsoil.  In  many  localities, 
however,  the  exposure  of  such  an  under-soil  to  a  winter's 
frost,  or  to  a  summer  fallow,  will  so  far  improve  and  mellow 
it,  as  to  render  it  capable  of  being  safely  mixed  with  the 
surface  soil.  Unless,  however,  this  metlowing  be  effected 
at  once,  and  before  admixture,  a  long  lime  may  elapse  ere 
the  entire  soil  attain  to  its  most  perfect  condition  * 

*  The  Marquis  of  Tweedale,  in  his  home-farm  at  Yosters,  has  raised  hi« 
land  in  value  eight  times  (from  5s.  to  408.  per.  acre),  by  draining  and  deep 
ploughing.  Afler  draining  the  fields  of  otifi*  clay,  wtih  streaks  of  sand  in 
Che  subsoil,  are  turned  over  to  a  depih  of  12  or  14  inches,  by  two  ploughs 
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Again,  it  is  known  that  some  districts*  for  reasons  per- 
haps not  well  understood,  are  more  infested  than  othets 
with  insects  that  attack  the  corn  or  other  crops.  These 
insects,  their  eggs,  or  their  larvae,  generally  bury  them- 
selves in  the  undisturbed  soil,  immediately  beyond  the  or- 
dinary reach  of  the  plough.  If  they  remain  wholly  undis- 
turbed  during  the  preparation  of  the  soil,  some  species 
remain  in  a  dormant  state,  and  the  subsequent  crop  may 
in  a  great  measure  escape.  Plough  the  land  deeper  than 
usual,  and  you  bring  them  all  to  the  surface.  Do  this  in 
the  autumn,  and  leave  your  land  unsown,  and  the  frost  of 
a  severe  winter  may  kill  the  greater  pait,  so  that  your 
crops  may  thereafter  grow  in  safety.  But  cover  them  up 
agam  along  with  your  winter  com,  or  let  this  deep  plough* 
ing  be  done  in  the  spring*  and  you  bring  all  these  insects 
within  reach  of  the  early  sun,  and  thus  call  them  to  life 
in  such  numbers  as  almost  to  insure  the  destruction  of 
your  coming  crop.  It  is  to  something  of  this  kind  that  I 
am  inclined  to  attribute  the  immediate  failures  which  have 
attended  the  trial  of  deep  ploughing  in  certain  parts  of 
England.  Thus  in  Berkshire,  certain  soils  which  are  usu- 
ally ploughed  to  a  depth  of  only  two  inches,  yielded  almost 
nothing  when  deeper  ploughing  was  more  lately  tried  up- 
on them — the  crop  was  almost  entirely  destroyed  by  in- 
sects. So  also  iij  the  north  of  Yorkshire,  where  deep 
ploughing  has  recently  been  attempted,  the  wheat  crop  oa 
land  so  treated  was  observed  to  suffer  more  from  the  Wf>nn 
than  on  any  other  spot.  Such  facts  as  these,  therefore, 
show  the  necessity  of  caution  on  the  part  of  the  practical 
man,  and  especially  of  the  land  agent  or  steward,  however 
correct  may  be  the  principles  on  which  his  general  prac- 
tice b  founded.     Failures  such  as  the  above  do  not  show 

(two  hones  each)  foUowlD^  one  another,  the  under  6  inche*  being  thiowa 
on  the  top.  In  this  state  it  is  left  to  the  winter's  frost,  when  it  falls  to  • 
yellow  marly  looking  soil.  It  is  now  ploughed  again  to  a  depth  of  9  or  10 
inches,  bv  which  hajf  the  origbial  soil  le  brought  again  to  the  snr&ce.  By 
a  cross  ploughing  this  is  mixed  with  the  new  soil,  after  which  the  field  u 
prepared  in  tne  usual  way  for  turnips.  But  it  is  observed  that  if  the  plougb- 
In^  has  been  so  late  that  the  subsoil  has  not  hod  a  proper  eiposure  to  uie 
Winter's  cold,  the  land  on  such  spots  does  not  for  many  years  equal  that  whicli 
was  earlier  ploughed.  The  reason  is,  that  when  once  mixed  up  with  th* 
other  soil  the  air  am  no  longer  the  same  easy  access  into  its  pores. 
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the  principle  on  which  deep  ploughing  is  recommended 
to  be  false,  or  the  practice  to  be  in  any  case  reprehended  ; 
but  it  does  show  that  a  knowledge  of  natural  local  pecu- 
liarities, and  some  study  of  ancient  local  practice,  may,  in 
an  important  degree,  infl\ience  our  mode  of  procedure  in 
introducing  more  improved  metbods  of  husbandry  into 
^ny  old  agricultural  district. 

§6.  Improvement  of  the  soil  by  mixing. 

There  are  some  soils  so  obviously  defective  in  constitu- 
tion, that  the  most  common  observer  can  at  once  pronounce 
them  likely  to  be  improved  by  mechanical  admixtures  of 
various  kinds.  Thus  peaty  soils  abound  too  much  in  vege* 
table  matter ;  a  mixture  of  earthy  substances,  therefore, 
of  almost  any  common  kind  is  readily  indicated  as  a  means 
of  improvement.  In  like  manner  we  naturally  impart  con* 
sistence  to  a  sandy  soil  by  an  admixture  of  clay,  and  open- 
ness and  porosity  to  stiff  clays  by  the  addition  of  sand. 

The  first  and  obvious  effect  of  such  additions  is  to  alter 
the  physical  qualities  of  the  soil — to  consolidate  the  peats 
and  sands,  and  to  loosen  the  clays.  But  we  have  already 
seen  that  the  fertility  of  a  soil,  or  its  power  of  producing 
a  profitable  return  of  this  or  that  crop,  depends  in  the  first 
place  on  its  chemical  constitution.  It  must  contaiivin  sufii- 
cient  abundance  all  the  inorganic  substances  which  that  crop 
requires  for  its  daily  food.  Where  this  is  already  the  case, 
as  in  a  rich  stiflT  clay,  a  decided  improvement  may  be  pro- 
duced by  an  admixture  with  siliceous  sand,  which  merely 
separates  the  particals  mechanically,  and  renders  the  whole 
more  porous.  But  let  the  clay  be  deficient  in  some  ne- 
cessary constituent  of  a  fertile  soil,  and  such  an  'addition 
of  siliceous  sand  would  not  produce  by  any  means  an 
equal  benefit.  It  may  be  proper  to  add  this  sand  with  ^e 
view  of  prodiici ng  the  mere  physical  alteration,  but  we 
must  add  some  other  substance  also  for  the  purpose  of 
producing  the  necessary  chemical  change. 

The  good  eflbcts  which  almost  invariably  follow  firom 
the  addition-  of  clay  to  peaty  or  sandy  soils  are  due  to  the 
production  at  one  and  the  same  time  of  a  physical,  and  of 
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a  cbemical  change.  They  are  not  only  rendered  firmer  or 
more  solid  by  the  admixture  of  clay,  but  they  derive  from 
this  clay  at  the  same  time  some  of  those  mineral  substances 
which  they  previously  contained  in  less  abundance. 

The  addition  of  marl  to  the  laud  acts  often  in  a  similar 
two-fold  capacity.  It  ren.lers  clay  lands  more  open  and 
friable,  ana  to  all  soils  brings  an  addition  of  carbonate, 
and  generally  of  phosphate  of  lime,  both  of  which  are 
proved^by  experience  to  be  not  only  very  influential,  but 
to  be  absolutely  uecessary  to  healthy  vegetation. 

That  much  benefit  to  the  land  would  in  many  instances 
accrue  from  such  simple  admixtures  as  those  above  ad- 
verted to,  where  the  means  are  available,  will  be  readily 
granted.  The  only  question  on  the  subject  that  ought  to 
arise  in  the  mind  of  a  prudent  man,  is  that  which  is  con- 
nected with  the  economy  of  the  case.  Is  this  the  most 
profitable  way  in  which  L  can  spend  my  money  1  Can  I 
employ  the  spare  labour  of  my  men  and  horses  in  any 
other  way  which  will  yield  me  a  larger  return  ?  It  is  ol>- 
vious  that  the  answer  to  these  questions  will  be  modified 
by  the  circumstances  of  the  district  in  which  he  lives.  It 
may  be  more  profitable  to  drain, — or  labour  may  be  in 
great  request  and  at  a  high  premium,^-or  a  larger  return 
may  be  obtained  by  the  investment  of  money  in  purcha- 
sing new  than  in  improving  old  lands.  It  is  quite  true 
that  the  country  at  large  is  no  gainer  by  the  mere  transfer 
of  land  from  the  hands  of  A  to  those  of  B,  and  that  he  is 
undoubtedly  the  most  meritorious  citizen  who,  by  expend- 
ing his  money  in  improving  the  soil,  virtually  adds  t(»  the 
breadth  of  the  land,  in  causing  it  to  yield  a  larger  prf>duce. 
Yet  it  is  no  less  true  that  the  employment  of  individual 
capital  in  such  improvement  is  not  to  be  expected  gene- 
rally to  take  place,  unless  it  be  made  to  appear  that  such 
an  investment  is  likely  to  be  as  profitable  as  any  other 
within  the  reach  of  its  possessor.  It  seems  to  t-e  esta- 
blished beyond  a  doubt,  that  in  very  many  ilistricts  no 
money  is  more  profitably  invested,  or  yields  a  quicker  re- 
turn, than  that  which  is  expended  in  draining  and  sub- 
soiling — and  yet  in  reality  oi:e  main  obstacle  to  a  more 
rapid  increase  in  the  general  produce  of  the  British  soil  ia 
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the  prflctical  ^Scnlty  which  exists  in  cnnvineing  the  own- 
'  ernand  occupiers  of  the  soil  that  such  is  the  casp.nr  would 
be  the  case,  in  regard  to  their  own  holdings.  The  mors 
widely  a  knuwieilge  of  the  entire  subject,  in  all  its  bear- 
ings, becomes  diffused,  the  less  it  is  to  be  hoped  will  thii 
difficulty  become — for  the  economist,  who  regards  the 
question  nf  improvement  as  a  mere  matter  of  profit  and 
loss,  cannot  strike  a  fair  balance  unless  he  knows  the 
several  items  he  may  prudently  introduce  into  each  side 
of  his  account 

Thus  in  reference  to  the  special  point  now  before  us,  it 
seems  reasonable  to  believe  that,  in  a  country  such  as  that 
here  represented,  where  alternate  hilla  of  aiuid  (3),  and 


bullows,  and  flats  of  clay  (4)  occur,  there  may  be  many 
spots  where  both  kinds  of  soil — being  near  each  other- 
might  be  improved  by  mutual  Bdmi:(ture,  at  a  cost  of  la- 
bour which  the  alteration  in  the  quality  of  the  land  might 
be  well  expected  to  repay.  In  this  condition  is  a  consi- 
derable portion  of  the  £a9iem  half  of  the  county  of  Dur- 
ham, and,  especially,  i  may  mention  the  neighbourhood  of 
Canile  Eden,  where  a  old,  sliS*,  at  present  often  poorclsj 
rests  upon  red,  rich-looking,  loemy  sand,  in  many  jdacea 
easily  accessible,  and  by  aJmixture  wiih  which  its  agri- 
cultural capabilities  may  be  expected  to  improve.  In  thb 
locality,  and  in  many  others  besides,  those  having  a  pecu- 
niary interest  in  the  land  rest  satisfied  that  their  fields  are 
incapable  of  such  improvement,  or  would  give  noedequats 
return  for  the  outlay  required,  without  troubling  tbem- 
selves  to  collect  and  compare  all  the  facts  fiom  which  a 
true  solution  of  the  question  can  alone  be  drawn. 

Besides  such  general  admixtures  for  the  improvement 
uf  land,  the  geological  formation  of  certain  dbtricis  places 
within  the  reach  of  its  intelligent  fanners  means  of  im> 
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provement  of  a  special  kind,  of  which  they  may  often  pro- 
fitably avail  themselves.  Thus  both  in  Europe  and  Ame- 
rica the  green'^and  soils  (p.  35S)  are  found  to  be  very  fer> 
tile,  and  the  sandy  portions  of  this  formation  are  often 
within  easy  distance  of  the  stiff  clays  of  the  gault,  and  of 
the  poor  soils  of  the  chalk,  with  either  of  which  they  might 
be  mixed  with  most  beneficial  effects.  The  soils  that  rest 
on  the  new,  and  even  on  some  parts  of  the  old  red  sand- 
stone,  are  in  like  manner  often  within  an  available  distance 
of  beds  of  red  marl  of  a  very  fertilising  character  (p.  363), 
while  in  the  granitic  and  trap  districts  the  materials  of 
which  these  rocks  consist,  if  mixed  with  judgment,  may 
be  made  materially  to  benefit  some  of  the  neighbouring 
soils.  To  this  point,  however,  I  shall  draw  your  attention 
again  in  my  next  lecture  when  treating  of  mineral  ma- 
iMires. 


LECTURE    XV. 

titiprovement  of  thd  soil  by  chemical  means.  Principles  on  which  all 
manuring^  depends.  Mioeral,  veeetable,  and  animal  manures.  Saline 
raanares.  Carbonates. — Pearl-ash.  Sulphates. — Glauber  salts.  Chlo- 
rides.— Common  salt.  Nitrates. — Nitrate  of  soda.  Phosphates. — Phos- 
phate of  lime.  Silicates. — Silicate  of  potash.  Saline  mixtures. — Vege- 
table ashes.    Prapared  granite.    Use  of  lime. 

The  mechanical  methods  of  improviog  the  soil,  descri- 
bed in  the  preceding  section,  are  few  in  number  and  sim- 
ple in  theory.  They  are  so  important,  however,  to  the 
general  fertility  of  the  land,  that  were  they  judiciously 
employed  over  the  entire  surface  of  our  islands,  they 
would  alone  greatly  increase  the  average  produce  of  the 
British  and  Irish  soils.  I  may,  indeed,  repeat  what  was 
stated  in  reference  to  draining  (p.  10),  that  the  full  effect 
of  every  other  means  of  improving  the  soil  will  be  obtained 
in  those  districts  only  where  these  mechanical  methods 
have  already  been  bad  recourse  to. 

The  chemical  methods  of  improving  the  soil  are  founded 
upon  the  following  principles,  already  discussed  and  esta- 
blished : — 

l^'.  That  plants  obtain  from  a  fertile  soil  a  variable  pro- 
portion of  their  organic  food  ;^-of  their  nitrogen  probably 
the  greatest  part 

2°,  That  they  require  inorganic  food  also  of  various 
kinds,  and  thai  this  they  procure  solely  from  the  soil. 

3^.  That  different  species  of  plants  require  a  special 
supply  of  difftireni  kinds  of  inorganic  food,  or  of  the  same 
kinds,  in  different  proportions. 

4<^.  That  of  these  inorganic  substances  one  soil  may 
abound  or  be  deficient  in  one,  and  another  soil  in  another; 
and  that,  therefore,  this  or  that  plant  will  prefer  to  grow 
•on  the  one  or  the  other  accordingly. 

On  these  few  principles  the  whole  art  of  improving  the 
soil  by  chemical  means — in  other  words  of  beneficially 
manuring  the  soil— is  founded, 

1>A«T  III.  4 
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It  must  at  the  same  tine  be  borne  in  mind,  that  there 
are  three  distinct  methods  of  operation  by  which  a  soil 
may  be  improved  : — 

1^.  By  removing  from  it  some  noxious  ingredient.  The 
only  method  by  which  this  can  be  effected  is  bydraining,— - 
providing  an  outlet  by  which  it  may  escape,  or  by  which 
the  rains  of  heaven,  or  water  applied  in  artificial  irrigation, 
may  wash  it  away. 

2°.  By  changing  the  nature  or  state  of  combination  of 
some  noxious  ingredient,  which  we  cannot  soon  remove  in 
this  way ;  or  of  some  inert  ingredient  which,  in  its  existing 
condition,  is  unfit  to  become  food  for  plants.  These  are 
purely  chemical  processes,  and  we  put  them  respectively 
m  practice  when  we  add  lime  to  peaty  soils,  or  to  such  as 
abound  in  sulphate  of  iron  (p.  313),  when  by  admitting  the 
air  into  the  subsoil  we  change  the  prot-oxide  into  the  per^ 
oxide  of  iron  (p.  311),  or  when  by  adding  certain  hnown 
chemical  compounds  we  produce  similar  beneficial  chemi- 
cal alterations  upon  other  compounds  already  existing  in 
the  soil. 

3^.  By  adding  to  the  soil  those  substances  which  are  fit- 
ted to  become  the  food  of  plants.  This  is  what  we  do  in 
strictly  manuring  the  soil — though  we  are  as  yet  unable  in 
many  cases  to  say  whether  that  which  we  add  promotes 
vegetation  by  actually  feeding  the  plant  and  entering  into 
its  substance— or  only  by  preparing  food  for  it.  There 
is  reason  to  believe,  however,  that  many  substances,  sa^ 
as  potash,  soda,  &c.,  act  in  several  capacities, — now  pre- 
paring food  for  the  plant  in  the  soil,  now  bearing  it  mto 
the  living  circulation,  and  now  actually  entering  into  the 
perfect  substance  of  the  growing  vegetable.  In  order  to 
steer  clear  of  the  difficulty  which  this  circumstance  throws 
in  the  way  of  an  exact  classification  of  the  chemical  sub- 
stances applied  to  the  soil,  I  shall  consider  generally  under 
the  name  of  manures,  all  those  substances  which  are  usualfy 
applied  to  the  landjhr  the  purpose  of  promoting  vegeUMe 
growth  ; — whether  those  substances  be  supposed  to  do  so 
directly  by  feeding  the  plants,  or  only  indirectly,  by  pre- 
paring their  food,  or  by  conveying  it  into  their  ctrculatioD. 

Manures,  then,  in  this  sense  are  either  simple,  Mke  com- 
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moil  salt  aod  nitrate  of  8oda»  or  they  are  mixed,  like  farm- 
yard manure  and  the  numerous  artificial  manures  now  on 
sale.  Or,  again,  they  consist  of  substances  of  mineral,  oi 
vegetable,  or  of  animal  origin.  The  latter  is  the  more 
natural,  and  is  by  far  the  most  useful,  classification.  W^ 
fthall,  therefore,  consider  the  various  substances  employed 
in  improving  the  soil^-or  what  is  in  substance  the  same 
thing  in  promoting  vegetation, — in  the  following  order:-* 

1^,  Mineral  matwres — ^including  those  substances,  whe- 
ther simple  or  mixed,  which  are  of  mineral  origin,  or  which 
consist  entirely  of  inorganic  or  mineral  matter.  Under 
this  head  the  use  of  lime  and  of  the  ashes  of  plants  will 
fall  to  be  considered. 

2°.  Vegetable  manures, — These  are  all  of  natural  origin, 
and  are  all  mixtures  of  organic  and  inorganic  matter. 

3<>.  Animal  manures,  which  are  also  mixtures,  but,  owing 
to  their  immediate  origin,  differ  remarkably  in  constitution 
from  vegetable  substances. 

§  1.  Q^  mineral  manures. 

Mineral  manures  may  be  conveniently  considered  under 
tbe  two  heads  of  saline  and  earthy  manures. 

A.--*aALtNB  MANORBS. 

lo.  Carbonate  of  potash. — This  substance,  in  the  form 
either  of  crude  potash  or  of  the  pearl-ash  of  the  shops,  has 
hitherto  been  considered  too  high  in  price  to  admit  of  its 
extensive  application  in  the  culture  of  tbe  land. 

2^.  Carbonate  of  soda. — This  remark,  however,  does  not 
apply  to  the  carbonate  of  soda  (common  soda  of  the  shops), 
which  is  sufficiently  low  in  price  (<£11  a  ton)  to  allow  of 
its  being  applied  with  advantage  under  many  circumstan- 
ces. In  the  case  of  grass  lands,  which  are  overrun  with 
moss— of  such  as  abound  largely  in  vegetable  matter  or  in 
noxious  sulphate  of  iron — a  weak  solution  applied  with  a 
water  cart  might  be  expected  to  produce  good  results.  It 
might  be  applied  in  the  same  way  to  fields  of  sprouting 
corn,  or  in  fine  powder  as  a  top-dressing  in  moist  weather-* 
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and  generally  wherever  wood  ashes  are  found  useful  to 
vegetation. 

Many  experiments  have  shown  that  both  of  these  sab- 
stances  may  be  employed  in  the  field  with  advantage  to 
the  growing  crop — but  further  trials  are  necessary  to  show 
bow  far  the  practical  farmer  may  safety  use  them  with  the 
hope  of  profit.  In  gardening  they  greatly  hasten  tbe 
growth  and  increase  the  produce  of  the  strawberry,*  and 
in  garden  culture,  generally,  where  the  cost  of  the  manure 
employed  is  of  less  consequence,  more  extended  trials 
would,  no  doubt,  lead  to  useful  results. 

The  quantity  of  these  substances  which  ought  to  be  ap- 
plied to  our  fields,  in  order  to  produce  the  beneficial  effect 
which  theory  and  practice  both  lead  us  to  expect,  wiH  de- 
pend much  upon  the  nature  of  the  soiHn  each  locality  and 
on  the  kind  of  manuring  to  which  it  has  previously  been 
subjected.  By  referring  to  our  previous  calculations  (p. 
327),  it  will  be  seen  that  upwards  of  800- lbs.  of  these  ear* 
bonatest  would  be  necessary  to  replace  all  that  is  extracted 
from  the  soil  by  the  entire  crops  during  a  four  years'  rota- 
tion. But  in  good  husbandry  every  thing  is  returned  to 
the  soil  in  the  form  of  manure  which  is  not  actually  sent 
to  market  and  sold  for  money.  That  is — the  grain  only  of 
the  corn  crops,  the  dairy  produce,  and  the  live  stock  are 
carried  off  the  land.)  Less  than  40  lbs.  per  acre  of  tbe 
mixed  carbonates  would  replace  all  that  is  contained  in 
the  grain,  and  if  we  suppose  as  much  to  be  present  in  tbe 
other  produce  sold,  we  have  80  lbs.  for  the  quantity  neces- 
sary to  be  restored  to  the  land  by  the  good  husbandman 
every  four  years,  in  order  to  keep  his  rarm  permanently 
in  the  same  condition.  There  are,  however,  in  most  soils 
certain  natural  sources  of  supply  (pp.  J06,  305)  by  whidi 

*  Mr.  Fleming,  of  Barocban,  has  inronned  me  that  he  found  this  to  be 
the  caoe  with  the  common  potath ;  and  Mr.  Campbel],  of  Islay,  widi  the 
common  aoda  of  the  sliope.  They  should  be  applied  early  in  the  aprii^ 
and  in  the  state  of  a  very  weak  solution.  Wood-ashes  would  probably  pio- 
duce  a  similar  eiFect. 

t  890  lbs.  of  dry  pearl  ash  and  440  Ibe.  of  crystaJttied  caibonate  of  aode. 

t  .In  had  husbandry  much  more  is  carried  off  thfi  land  by  tbe  wpete  ef 
liquid  and  other  manure. — See  the  succeeding  chapter  "^  Qn  animai  wm- 
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new  portions  of  these  alcalies  are  continually  conveyed  to 
them.  Hence  it  is  seldom  necessary  to  add  to  the  land  as 
much  of  these  substances  as  we  carry  off;  and  therefore 
from  40  to  60  ]bs.  per  acre,  of  either  of  them,  may  be  con- 
sidered as  about  the  largest  quantity  which,  in  a  well-man' 
aged  farm,  need  be  added  in  order  to  give  a  fair  trial  to 
their  agricultural  value.  Half  a  cwt  of  the  potash  will 
cost  less  than  15s.,  and  of  the  soda  less  than  6s.,  or  of  a 
mixture,  in  equal  quantities,  less  than  2  is.  at  their  present 
prices. 

Theory  of  the  action  of  potash  and  soda. 

But  upon  what  theoretical  grounds  is  the  beneficial  ac- 
tion of  potash  and  soda  upon  vegetation  explained  t  This 
question,  to  which  I  have  already  more  than  once  drawn 
your  attention  (pp.  119  and  274),  it  will  be  proper  here 
briefly  to  consider. 

«t.  The  first  and  most  obvious  purpose,  served  by  the 
presence  of  these  alcalies  in  the  soil,  is  that  of  yielding 
readily  to  the  growint^  plant  such  a  full  supply  of  each  as 
iiNiy  be  essential  to  its  healthy  growth.  If  the  roots  can 
collect  them  from  the  soil  slowly  only,  and  with  difficulty, 
the  growth  of  the  plant  will  necessarily  be  retarded;  while 
in  situations  where  they  naturally  abound,  or  are  artifi- 
cially supplied,  the  crops  will  as  certainly  prove  both  more 
early  and  more  abundant — provided  no  other  essential 
food  be  deficient  in  the  soil. 

In  reference  to  this  mode  of  action  it  will  occur  to  you 
that  potash  is  the  more  likely  of  the  two  to  be  beneficial  to 
our  cultivated  crops,  inasmuch  as  the  ash  of  those  plants 
which  are  raised  for  food  is  generally  much  more  rich  in 
potash  than  in  soda.*  But  this  may  possibly  arise  from 
the  more  abundant  presence  of  potash  in  the  soil  gene- 
rally, since  some  chemists  are  uf  opinion  that  soda  may 
take  the  place  of  potash  in  the  interior  of  plants,  without 
fHoteriaUff  affecting  their  gfowth.\  This  hypothesis,  what- 
ever may  be  its  theoretical  value,  will  prove  useful  to 

*  See  the  tabular  details  given  in  Lecture  X.,  ^  3. 
t  BeraeUaa  CAtiii»e,VI.,  p.  733,  (Edit.  1832). 

4* 
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practical  agriculture  if  it  lead  to  experinaenta  from  which 
the  relative  action  of  each  of  these  carbonates,  in  the  aame 
circumstances,  may  be  deduced, — ^and  the  9pec{fic  influence 
of  each,  in  promoting  the  growth  of  particular  plants,  in 
some  degree  determined.  Potash  (or  wood-ashes)  aids 
the  growth  of  corn  after  turnips  or  potatoes  (Lampadius)^- 
would  soda  do  the  same  1  Carbonate  of  soda  assists  in  m 
remarkable  maunerthegrowth  of  buck- wheat  (Sprengel)— 
would  the  same  good  effects  follow  from  the  use  of  potash  t 

&  Another  purpose  which  these  carbonates  are  supposed 
to  senre,  is  that  of  combining  with,  and  rendering  soluble* 
the  vegetable  matter  of  the  soil,  so  as  to  bring  it  into  a 
state  in  which  it  may  be  readily  conveyed  into  the  roots 
of  plants.  They  may  in  this  case  be  said  to  prepare  the 
food  of  plants.  That  they  are  really  capabie  of  forming 
readily  soluble  compounds  with  the  homic  acid,  and  with 
certain  other  organic  substances  which  exist  in  the  soQ,  is 
certain.  Those,  however,  who  maintain  with  Liebig  that 
plants  imbibe  all  their  carbon  in  the  form  of  carbonic  acifi, 
will  not  be  willing  to  admit  that  this  property  of  the  aboTe 
carbonates  can  either,  render  them  useful  to  vegetation*  or 
apcount  for  the  beneficial  action  they  have  so  often  been 
observed  to  exercise.  From  this  opinion  we  have  alrea<hr 
seen  reason  (pp.  87  to  89)  to  dissent,  and  we  are  prepared, 
therefore,  to  concede  that  potash  and  soda,  in  the  form  of 
carbonates,  way  act  beneficially  upon  vegetation — by  pre- 
paring the  organic  matter  of  the  soil  for  entering  into  the 
roots  of  plants,  and  thus  administering  to  their  growth. 

This  preparation  also  may  be  effected  either  by  their 
directly  combining  witli  the  organic  matter,  as  they  are 
known  to  do  with  the  humic  and  other  acids  which  exist 
in  the  soil ;  or  by  their  disposing  this  organic  matter,  at 
the  expense  of  the  air  and  oi  moisture,  to  form  new  chemi- 
cal compounds  which  shall  be  capable  of  entering  into  the 
vegetable  circulation.  This  disposing  influence  of  the  al- 
calies,  and  even  of  lime,  is  familiar  to  chemists  under  many 
other  circumstances. 

This  mode  of  action  of  tlie  carbonates  of  potash  and  soda 
can  be  exercised  in  its  fullest  extent  only  where  vegetable 
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matter  abounds  in  tbe  soil.  It  is  stated  by  Sprengel*  ac- 
cordingly as  the  result  of  experiinent,  that  they  are  most 
useful  where  vegetable  matter  is  plentiful,  and  that  they 
ought  to  be  employed  more  sparingly,  and  with  some  de- 
gree of  hesitation,  where  such  organic  matter  is  deficient. 

c.  We  have  already  seen,  during  our  study  of  the  com- 
position of  the  ash  of  plants  (pp.  318  to  335),  how  very 
important  a  substance  silica  is,  especially  to  the  grasses 
and  to  tbe  stems  of  our  various  corn-bearing  plants.  This 
silica  exists  very  frequently  in  the  soil  in  a  state  in  which 
it  is  insoluble  in  pure  water,  and  yet  is  more  or  less  rea- 
dily taken  up  by  water  containing  carbonate  of  potash  or 
carbonate  of  soda.  And  as  there  is  every  reason  to  believe 
that  nearly  all  the  silica  they  contain  is  actually  conveyed 
into  the  circulation  of  plants  by  the  agency  of  potash  and 
8oda,t  it  is  not  unlikely  that  a  portion  of  the  beneficial  ac- 
tion of  these  substances,  especially  upon  the  grass  and 
com  crops,  may  be  due  to  the  quantity  of  silica  they  are 
the  means  of  conveying  into  the  interior  of  the  growing 
plants. 

d.  Another  mode  in  which  these  substances  act,  more 
obscurely,  perhaps,  though  not  less  certainly,  is  by  dispos- 
ing tbe  organic  matters  contained  in  the  sap  of  the  plant 
to  form  such  new  combinations  as  may  be  required  for  tbe 
production  of  the  several  parts  of  tbe  living  vegetable.  L 
nave  on  a  former  occasion  illustrated)  to  you  the  very  re< 
markable  changes  which  starch  may  be  made  to  undergo, 
without  any  esaential  alteration  in  its  chemical  coraposir 
tion — how  gum  and  sugar  may  be  successively  produced 
from  it,  without  either  loss  or  gain  ip  respect  of  its  ori- 
ginal elementary  constitution.  We  have  seen  also  how  the 
presence  of  a  comparatively  minute  quantity  of  diastase 
(p.  176)  or  of  sulphuric  acid  (p.  167)  is  capable  of  inducing 
auch  changes,  first  rendering  the  starch  soluble,  and  then, 
converting  it  into  gum  and  into  .sugar.  Analogous,  though 
Bomewhat  different,  changes  are  induced  by  the  psesence 
in  certain  solutions  of  small  quantities  of  potash§.or  soda, 

*  Lehrt  vom  D'Unger,  p.  402. 
t  In  the  state  of  nUcates. — See  pp.  119  and  304. 
t  Lecture  VI.,  ^  6,  pp.  164  to  1^. 

i  It  ui  aleo  fchown  (p.  165}  that,  by  means  of  polaah,  woody  fibre  may  be 
converted  into  ttarch. 
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80,  (or  example,  id  milk— ^tbe  addition  of  carbonate  of  iioda 
to  which  gradually  causes  (persuades  t)  the  whifte  <yf  the 
sugar  it  contains  to  be  converted  into  the  acid  of  mtIL 
Such  changes  also  roust  be  produced  or  facilitated  by  the 
presence  of  acid  and  of  alcaline  substances  in  the  sap  of 
plants;  and,  though  we  can  as  yet  only  guess  at  the  pre- 
cise  nature  of  these  changes,  yet  there  seems  good  groond 
for  believing  that  to  facilitate  their  production  is  one  of 
the  many  purposes  served  by  the  constant  presence  of  in- 
organic substances  in  the  sap  of  plants.  Indeed  ao  in*- 
portant  is  this  function  considered  by  some  writers  upoa 
the  nourishment  of  plants,*  that  they  are  inclined  to  ascribe 
to  it,  erroneously  however,  as  I  believe,  the  main  influence 
upon  vegetation,  of  nearly  all  the  inorganic  substances 
which  are  found  ia  the  ash  of  plants,  and  therefore  are 
known  to  enter  into  their  circulation. 

e,  I  only  allude  to  one  other  way  in  which  these  sub- 
stances may  be  supposed  to  have  an  influence  upon  vege- 
tation. We  have  already  seenf  how  important  a  part  the 
nitric  acid  produced  in  the  atmosphere  or  in  the  soil  may 
be  supposed  to  perform  in  the  general  vegetation  of  the 
globe.  This  acid  is  observed  to  be  more  abundantly — 
either  fixed  or  actually  produced  in  the  soils  or  composts 
which  contain  much  potash  or  soda.  It  may  be,  therefore, 
that  in  adding  either  of  these  to  our  fields  we  give  to  the 
soil  the  moans  of  bringing  within  the  reach  of  the  roots  of 
our  crops  a  more  ready  supply  of  nitric  acid,  and  hence  of 
nitrogen,  so  necessary  a  part  of  their  daily  food. 

3P,  Sulphates  of  Potash  and  Soda^-^^lt  is  nearly  100 
ye^rs  since  Dr.  Home,  of  Edinburgh,  observed  that  the5e 
salts  produced  a  beneficial  efl^ct  upon  vegetation.  Ap* 
plied  to  growing  corn  they  increased  the  produce  by  one- 
fourth.  Other  experiments,  since  made  in  Germany,  have 
shown  that  they  may  be  applied  with  manifest  advantage 
both  to  field  crops  and  to  iruit  trees  (Sprengel),  but  the 
price  has  hitherto  been  considered  too  high  to  admit  of 
heir  being  economically  used  in  ordinary  husbandry. 

*  See  especially    lilubek's    EmiOirung  der  PjUuvaen  und  Siatik  dm 
lAndbttueg, 

t  Lecture  Vin.,  ^  5,  6,  7,  pp.  233  to  250. 
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The  manafbcture  of  sulphate  of  soda  in  this  country, 
however,  has  of  late  years  become  so  much  extended,  and 
the  price  in  consequence  so  much  reduced,  that  I  was  in- 
duced in  the  spring  of  last  year  (IS41*)  again  to  recom- 
mend it  to  the  attention  of  the  practical  agriculturists  of' 
this  country— as  likely,  either  alone  or  mixed  with  other 
sobstances,  to  increase  in  many  localities  not  only  the  pro- 
duce but  the  profit  also  to  be  derived  from  the  land.t  Many 
experiments  were  in  consequence  made  in  various  parts 
of  the  country,  the  details  of  some  of  which  are  given  in 
she  Appendix.!  When  applied  at  the  rate  of  half  a  cwt.  of 
the  dry  salt  (or  one  cwt.  of  crystals)  per  acre,  it  produced 
little  eflibct  upon  the  hay  crop,  the  quantity  b^ng  probably 
too  small.  Applied  to  hay  and  rye,  at  the  rate  of  84  lbs. 
of  the  dry  salt,  and  to  potatoes  at  the  rate  of  100  lbs.,  it 
gave  per  imperial  acre,  with 

Ray 4480  lbs.  5^88  lbs.  808  lbs. 

WJnterRv«i^*^"'    640  lbs.  896  lbs.  256  lbs. 

winter itye  ^  ^t^^^^  4095  i^g.  46O8  lbs.  512  lbs. 

Potatoes 16^  tons.  18|  tons.  1}  tons. 

The  grain  of  the  dressed  rye  was  much  heavier  than 
that  of  the  other,  and,  though  nitrate  of  soda  and  sal-am- 
moniac applied  to  other  paits  of  the  same  field  caused  a 
larger  increase  in  the  crop  of  rye,  yet  the  increase  obtain- 
ed by  the  use  of  the  sulphate  was  cheaper  per  bushel  than 
that  obtained  by  the  use  of  either  of  the  other  substances. 

On  beans  and  peas  also  the  effect  produced  by  it  (Ap- 
pendix, p.  30)  was  very  striking— its  action  being  exerted 
not  upon  the  straw  but  upon  the  pods,  increasing  their 
number  and  enlarging  their  size. 

The  results  of  these  experiments,  therefore,  are  such  as 
to  encourge  further  trials.  The  quantity  applied  should  not 
be  less  than  one  cwt.  of  the  dry  salt  per  acre,  and  it  should 

*  When  the  irobUcatiDn  of  these  lecuirea  wet  commenced. 

t  See  Appendizjpege  1,  also  pubiiehed  in  the  form  of  a  separate  tnKV^ 
"  Sugge9tum$for£aperimeni»  ta  ^radieQl  AgricmUmrty**  No,  L 

X  rages  16  toSO.  See  also  **  8uggeation»  for  ExpenmenU  ta  PtacUoat 
JkgTUMtiurCf    rHK  MM* 
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be  pot  on  either  in  the  atate  of  a  very  weak  aolutioa  with 
a  water-cart»  or  sprinkled  on  the  young  crop  when  the 
ground  is  moist  or  when  rain  is  soon  expected. 

40.  Sulphate  of  Magnena  {Eptom  SalU)  was  foand  by 
Dr.  Home  to  promote  vegetation  almost  in  an  equal  degree 
with  the  sulphates  of  potash  and  soda,  but  the  usually  bigk 
price  of  this  compound,  among  other  causes,  has  hitherto 
prevented  it  from  being  tried  upon  an  extensive  acale. 
The  manufacture  of  this  article  also  has  of  late  years, 
however,  been  so  much  extended  and  simplified,  that  the 
refined  salts  for  medicinal  purposes  may  be  purchased  as 
low  as  Ss.  a  cwt.,*  and  (he  impure  salts  of  the  Yorkshire 
and  other  alum  works  at  a  much  lower  rate.  So  muck 
capital  indeed  has  now  been  embarked  in  the  manufiictare 
of  the  sulphates  and  carbonates  of  soda  and  magnesia  (p. 
2S2),  and  it  is  so  desirable  on  many  accounts  to  discover 
new  outlets  for  the  products  of  these  important  maoufac- 
tories,  that  were  there  only  theoretical  reasons  for  believ- 
ing them  likely  to  benefit  practical  agriculture,  it  would  be 
desirable  to  make  trial  of  their  effects  upon  the  land.  But 
their  favourable  influence  has  already  been  shown,  and  it 
remains,  therefore,  only  to  work  out  the  details  by  whiek 
their  application  to  this  or  that  soil  or  crop  shall  be  so  regu- 
lated as  to  yield  a  fair  and  constant  profit  to  the  farmer 
who  employs  them. 

I  have  elsewhere  (Appendix  p.  5)  recommended  the 
application  of  sulphate  of  soda  at  the  rate  of  1  cwt.  of  the 
dry  salt  or  of  2  cwt.  of  crystals  (cost  10s.  or  lis.)  per  acre. 
The  Epsom  salts  are  only  sold  in  crystals,  and  1^  cwt. 
(cost  12s.)  in  this  form  should  be  nearly  equal  in  efficacy 
upon  the  land  to  2  cwt.  of  crystallized  sulphate  of  soda. 
In  tliis  propoilion,  therefore,  it  would  be  proper  to  apply 
it  to  the  young  crops,  especially  of  wheat,  clover,  peas, 
beans,  and  other  leguminous  plants. 

50.  Sulphate  of  Lime  (Gypsum)  has  been  long  and  ex- 
tensively applied  to  the  land  in  various  countries  and  to 
various  crops.     In  Germany  its  influence  has  been  most 

*  Fron  tbe  Messrs.  Cookson's,  of  the  Jarrow  Alkali  Works,  near  ffrnm- 
eastle. 
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generally  beneficial  tipos  grass  and  red  clover,  while  hi 
many  parts  of  the  United  States  it  is  applied  with  advan« 
tage  to  almost  every  crop.  In  the  former  country  and  in 
England,  it  is  usually  dusted  over  the  young  plants  in 
early  spring ;  in  America  it  is  frequently  sown  with  the 
seed,  or,  in  the  case  of  potatoes,  put  into  the  drills  of  holes 
along  with  the  manure.  The  propriety  of  adopting  the 
one  rather  than  the  other  of  these  methods  will  depend 
upon  the  nature  of  the  soil  and  upon  the  climate.  Gyp* 
sum  requires  much  water  to  dissolve  it,  and  in  dry  soils, 
climates,  or  seasons,  it  might  readily  fail  to  influence  the 
crop  at  ail,  if  applied  in  the  form  of  a  top  dressing  only. 

It  woald  appear  that  the  time  and  mode  of  its-applica- 
tion has  more  influence  upon  its  activity  than  we  might 
suppose— since,  according  to  Professor  Kcirte,  when  ap- 
plied to  clover  at  different  periods  in  the  spring  the  pro- 
duce of  different  paits  of  the  same  field  was  in  the  follow- 
ing proportions  :— 

Undressed  ...  ...  ...     100  lbs. 

Top  dressed  on  the  30th  of  March  ...     132  lbs. 

13th  of  April  ...     140  lbs. 

27th  of  April  ...     156  lbs .• 

The  effect  of  a  top  dressing  of  gypsum  seems  therefore 
to  be  greatest  when  it  is  applied  after  the  leaves  have  been 
pretty  well  developed.! 

Theory  oftkt  action  of  these  tulphatea, 

a.  It  does  not  ^eem  difScult  now  to  account  for  the  ge* 
neral  action  of  these  several  sulphates  of  potash,  soda, 
magnesia,  and  lime.  The  explanation  may  be  deduced 
partly  from  recent  chemical  analyses,  and  partly  from 
agricultural  experiments  more  lately  made  by  piactioal 
men. 

It  has  been  fbund,  for  example,  that  sulphur  is  a  con- 
Btant  and  apparently  necessary  constituent  of  the  gluten 

*  MSghnMt^  JahrhwAer^  I.,  p.  89,  quoted  in  Hlub^k'f  FfiantemUthfung, 
t  Can  the  result  here  mentioned  have  any  connection  with  the  £mA  o& 
asived  by  Paacbier,  that  gypsum  laid  upon  the  leaves  of  plants  isgiodiuiUy 
converted  into  carhonate,  its  sulphuric  acid  being  absoibed? 
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according  to  the  ordinary  practice  of  husbandry,  the  sul- 
phate of  soda  has  the  best  chance  of  proving  useful  to  vege- 
tation,  not  only  because  it  is  more  soluble,  and  is,  therc^ 
fore,  more  independent  of  the  seasons,  but  because  it  is 
capable  of  supplying  two  different  substances — sulphuric 
acid  and  soda—- neither  of  which  are  directly  added  in  the 
ordinary  manuring  of  the  land,  but  both  of  which  the  plants 
may  find  difficulty  in  obtaining. 

d.  Another  consideration  will  indicate  farther  special 
applications  of  these  several  sulphates,  independant  of  the 
sulphuric  acid  which  ^hey  in  common  contain.  If  we  refer 
to  the  table  (p.  323)  in  which  is  exhibited  the  constitution 
of  the  ash  of  the  several  clovers  and  grasses,  we  find  the 
constituents  of  our  sulphates  to  be  present  in  100  parts  of 
the  ash  in  the  following  proportions  : — 


Potash    • 

Soda 

Lime 

Magnesia 

Sulphuric  Acid 


RyGnn 
Hay. 


881 

3-94 
7-34 
0  90 
3-63 


lUd 
Clo>0r. 


WbiM 
Clorer. 


19-95 
5-29 

27-80 
3-33 
4-47 


3105 
5-79 

23-48 
3-05 
353 


LoMraa. 


13-40 
615 

48  31 
3-48 
4-04 


20-57 
4-37 

21-95 
2-88 
3-41 


t 


Of  the  two  clovers  the  red  contains  more  lime  and  much 
less  potash,  therefore  the  sulphate  of  lime  is  more  likely 
to  benefit  the  red  clover,  and  the  sulphate  of  potash  the 
white,  which  is  consistent  with  the  results  of  experimenL 
A  similar  difference  exists  l>etween  lucerne  and  sainfoin, 
to  the  former  of  which  lime  and  soda  are  more  necessary 
than  the  latter.  The  first  column  under  rye  grass  shows, 
on  the  other  hand,  how  very  much  smaller  a  proportion 
of  all  the  four — potash,  soda,  lime,  and  magnesia — is  re- 
quired by  this  green  crop  than  by  the  others ;  and  there- 
fore that  the  same  weight  of  any  one  of  these  sulphates, 
which,  when  applied  as  a  top  dressing  to  one  crop  (rye 
grass)  would  cause  it  to  thrive  luxuriantly,  may  be  insuf- 
ficient to  supply  the  most  necessary  wants  of  another  crop 
(clover  or  sainfoin).  Not  only  the  kind  of  mineral  ma- 
nure, therefore,  which  we  mix  with  the  soil,  but  the  ^uam- 
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iiiy  also  must  be  determined  by  the  kind  of  crop  we  in- 
tend to  raise.* 

6°.  Nitrates  of  Potash  and  Soda. — The  efficacy  of  these 
two  substances  as  manures  in  certain  circumstances  is 
now  generally  acknowledged,  though  the  disappointments 
which  have  occasionally  attended  their  use,  naturally  cause 
the  practical  farmer  to  hesitate  still,  before  he  applies  them 
in  any  quantity  to  his  land.  As  these  salts,  especially  the 
nitrate  of  soda,  are  comparatively  abundant  in  nature, — as 
they  are  really  beneficial  in  many  cases,  and  can  be  em- 
ployed with  a  profit, — as  their  use  in  practical  agriculture 
has  recently  excited  considerable  interest, — ^and  as  many 
experiments  have  in  consequence  been  made  with  them  up- 
on various  crops, — I  shall  briefly  direct  your  attention  to 
the  most  important  facts  which  have  yet  been  established 
in  regard  to  their  action  upon  the  growing  plant. 

a.  Apparent  effects  of  the  Nitrates, ^^The  first  visible  efiect 
of  the  nitrates  upon  every  crop  is  to  impart  a  dark  green 
colour  to  the  leaves  and  stems.  2°,  They  then  hasten,  in- 
crease, and  not  unfrequently  prolong  the  growth  of  the 
plant.  3°.  They  generally'  cause  an  increase  both  in  the 
weight  of  hay  or  straw,  and  of  corn — ^though  the  colour 
and  growth  are  occasionally  affected  without  any  sensible 
increase  of  the  crop.  4^.  The  hay  or  grass  produced  is 
always  more  greedily  eaten  by  the  cattle  than  that  which 
has  not  been  dressed,  even  when  the  quantity  is  not  af- 
fected ;— -but  the  grain  is  usually  of  inferior  quality,  bring- 
ing a  somewhat  less  price  in  the  market,  and  yielding  a 
smaller  produce  of  flour. 

Its  principal  action  seems  to  be  expended  in  promoting 
the  growth — that  is,  increasing  the  production  of  woody 
fibre,  either  in  the  stem  or  the  ear,  without  so  much  affect- 
ing, except  indirectly,  the  quantity  of  seed. 

Illustrations, — 1^.  Mr.  Pusey  observed  that  the  increase 
of  his  wheat  crop,  on  the  Oxford  clay,  where  nitrate  of 
soda  was  applied,  arose  from  there  being  no  underling 
straws  with  short  ears  as  in  the  undressed,  but  all  were  of 
equal  length  and  consequent  fullness  and  ripeness.f  The 
nitrate  had  merely  promoted  the  growth. 

^  For  the  theoretical  opinions  of  other  anthon,  in  regard  to  the  action  of 
^^mram,  tee  the  Appendix,  No.  Vf . 

T  Royal  AgfiomtnA  Journal,  II.,  p.  ISO. 


60 


SPECIAL  A(h*ION  UPON  GRASSES  AND  CLOFSltS. 


according  to  the  ordinary  practice  of  husbandry,  the  sul- 
phate of  soda  has  the  best  chance  of  proving  useful  to  vege- 
tation, not  only  because  it  is  more  soluble,  and  is,  therc^ 
fore,  more  independent  of  the  seasons,  but  because  it  is 
capable  of  supplying  two  different  substances — sulphuric 
acid  and  soda — neither  of  which  are  directly  added  in  the 
ordinary  manuring  of  the  land,  but  both  of  which  the  plants 
may  find  difficulty  in  obtaining. 

d.  Another  consideration  will  indicate  farther  special 
applications  of  these  several  sulphates,  independant  of  the 
sulphuric  acid  which  ^hey  in  common  contain.  If  we  refer 
to  the  table  (p.  323)  in  which  is  exhibited  the  constitution 
of  the  ash  of  the  several  clovers  and  grasses,  we  find  the 
constituents  of  our  sulphates  to  be  present  in  100  parts  of 
the  ash  in  the  following  proportions  : — 


Potash    - 

Soda 

Lime 

Magnesia 

Sulphuric  Acid 


RyttGrati. 
Hay. 

R«d 
Clo««r. 

White 
Clorer. 

LiMMnM. 

SaiBfote. 

881 

19-95 

3105 

13-40 

20-67 

3-94 

6-29 

5-79 

616 

4-37 

7-34 

27*80 

23-46 

48  31 

21-96 

0  90 

3-33 

305 

3-48 

2-88 

3-63 

4-47 

3-53 

4-04 

3-41  I 

Of  the  two  clovers  the  red  contains  more  lime  and  ntiuch 
less  potash,  therefore  the  sulphate  of  lime  is  more  likely 
to  benefit  the  red  clover,  and  the  sulphate  of  potash  the 
white,  which  is  consistent  with  the  results  of  experiment. 
A  similar  difference  exists  between  lucerne  and  sainfoin, 
to  the  former  of  which  lime  and  soda  are  more  necessary 
than  the  latter.  The  first  column  under  rye  grass  shows, 
on  the  other  hand,  how  very  much  smaller  a  proportion 
of  all  the  four — potash,  soda,  lime,  and  magnesia — is  re- 
quired by  this  green  crop  than  by  the  others ;  and  there- 
fore that  the  same  weight  of  any  one  of  these  sulphates, 
which,  when  applied  as  a  top  dressing  to  one  crop  (rye 
grass)  would  cause  it  to  thrive  luxuriantly,  may  be  insuf^ 
ficient  to  supply  the  most  necessary  wants  of  another  crop 
(clover  or  sainfoin).  Not  only  the  kind  of  mineral  ma- 
nure, therefore,  which  we  mix  with  the  soil,  but  the  qmm- 
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iity  also  must  be  determined  by  the  kind  of  crop  ive  in- 
tend to  raise.* 

S^.  Nitrates  of  Potash  and  Soda. — The  ef&cacy  of  these 
two  substances  as  manures  in  certain  circumstances  is 
now  generally  acknowledged,  though  the  disappointments 
which  have  occasionally  attended  their  use,  naturally  cause 
the  practical  farmer  to  hesitate  still,  before  he  applies  them 
in  any  quantity  to  his  land.  As  these  salts,  especially  the 
nitrate  of  soda,  are  comparatively  abundant  in  nature, — as 
they  are  really  beneficial  in  many  cases,  and  can  be  em- 
ployed with  a  profit, — as  their  use  in  practical  agriculture 
has  recently  excited  considerable  interest, — and  as  many 
experiments  have  in  consequence  been  made  with  them  up- 
on various  crops, — I  shall  briefly  direct  your  attention  to 
the  most  important  facts  which  have  yet  been  established 
in  regard  to  their  action  upon  the  growing  plant. 

a.  Apparent  effects  of  the  Nitrates, --^The  first  visible  effect 
of  the  nitrates  upon  every  crop  is  to  impart  a  dark  green 
colour  to  the  leaves  and  stems.  2°.  They  then  hasten,  in- 
crease, and  not  un frequently  prolong  the  growth  of  the 
plant.  3^.  They  generally  cause  an  increase  both  in  the 
weight  of  hay  or  straw,  and  of  corn — though  the  colour 
and  growth  are  occasionally  affected  without  any  sensible 
increase  of  the  crop.  4^.  The  hay  or  grass  produced  is 
always  more  greedily  eaten  by  the  cattle  than  that  which 
has  not  been  dressed,  even  when  the  quantity  is  not  af- 
fected ; — but  the  grain  is  usually  of  inferior  quality,  bring- 
ing a  somewhat  less  price  in  the  market,  and  yielding  a 
smaller  produce  of  flour. 

Its  principal  action  seems  to  be  expended  in  promoting 
the  growth — that  is,  increasing  the  production  of  woody 
fibre,  either  in  the  stem  or  the  ear,  without  so  much  affect- 
ing, except  indirectly,  the  quantity  of  seed. 

Illustrations. — 1^.  Mr.  Pusey  observed  that  the  increase 
of  his  wheat  crop,  on  the  Oxford  clay,  where  nitrate  of 
soda  was  applied,  arose  from  there  being  no  underling 
straws  with  short  ears  as  in  the  undressed,  but  all  were  of 
equal  length  and  consequent  fullness  and  npeness-t  The 
nitrate  had  merely  promoted  the  growth. 

*  For  the  theoretical  opinioiu  of  other  aathon,  in  regard  to  the  action  of 
gmum,  see  the  Appendix,  No.  VI. 
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So.  'Vlt  tfibcted  the  tops  of  the  pataloes,  bat  the  prodace 
of  bulbs  was  less  both  by  weight  and  measure*^  (Mr.  Grey, 
of  Dilston).  "  Od  peas,  in  a  thin  saudy  soil,  subsoil  gravel, 
it  had  much  effect  on  the  colour  and  strength  of  the  stems, 
and  on  the  state  of  forwardness,  but  when  ripe,  though 
the  straw  was  stronger,  there  was  no  difference  in  the 
crop  of  peas"  (Colonel  Campbell,  of  Rozelle).  **  On  land 
in  high  condition  ii  did  harm  by  forcing  the  straw  at  the 
expense  of  the  ear"  (Mr.  Barclay).  "  It  appeared  to  act 
strongly,  and  there  was  a  greater  bulk  of  straw,  but  the 
increase  of  grain  was  only  50  lbs.  per  acre"  (Sir  Robert 
Throckmorton).  In  another  experiment  of  Mr.  Barclay's 
the  straw  was  very  strong,  and  much  of  the  wheat  laid, 
but  the  undressed  sold  for  4s.  a  bushel  more,  and  there 
was  no  profit 

In  all  these  cases  the  nitrate  promoted  chiefly  the  growth 
of  the  stem,  or  the  production  of  woody  fibre.  The  in-> 
ferior  quality  oi  the  grain  and  yield  of  flour  was  owing 
to  this  action.  The  grain  was  enveloped  in  a  thicker  cover- 
ing of  the  woody  matter  which  forms  the  skin  or  bran. 

3^.  "  The  turnips  after  the  nitrated  wheat  are  decidedly- 
better,  the  tops  are  still  growing  and  luxuriant,  while  on  the 
other  part  they  are  beginning  to  fall"  (Hon.  H.  Wilson). 
They  seem,  therefore,  in  some  cases,  at  least  to  prolong 
the  growth. 

From  the  above  statements  we  seem  to  derive  an  ex- 
planation  why  the  effects  of  the  nitrate  should  have  been 
so  universally  observed  upon  the  grasses  and  clovers-— 
while  in  regard  to  its  apphcation  to  com  crops  they  indi- 
cate this  important^ 

Practical  Rule. — Not  to  apply  the  nitrates  upon  land 
or  under  circumstances  where  there  is  already  a  sufficient 
tendency  to  produce  straw. 

b.  Effects  of  the  nitrates  upon  the  (^vastity  of  the  crop. 
—Cases  have  occurred  where  the  nitrates  have  failed  to 
produce  any  apparent  effect  at  all — others  where  the 
colour  was  affected  and  the  growth  promoted  without  any 
ultimate  increase  of  crop— and  others  again  where  the 
application  of  these  salts  was  decidedly  injurious.  These 
wlures  are  deserving  of  a  close  consideration,  but  let  ua 
first  attend  to  the  amount  of  benefit  derived  from  their  use 
where  it  has  been  attended  with  success. 
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I, ^Effect  on  Common  and  Clotbr  Hay. 


Locality. 


PRIlDUCK  PKH  ACMB.       I 


Aske  Hall,        ) 
Earl  of  Zetland.  \ 


AtErsk 
Lord  Blanty 


ine,      S 
rUyre.    i 

■•  \ 


Barochan 
Mr,  Fleming, 

Dilston, 
Mr.  Greff. 

Farnham,  Suffolk, 
Mr.  Muskeit. 

Methven  Castle,  ) 
Mr.  Bishop.       > 


UndrsM«d. 

Drened. 

tOUS.  VWU 

2  la 

toiw. 

3 

.  cwt 

4 

2      0| 

3 

Oh 

2      1 

2 

10 

1      6 

2 

4i 

2    11 

2 

194 

2    10 

3 

18 

2      4| 

3 

11 

1      11 

2 

3 

QuaniUy  of  Nitrate  of  Soda 
api^iad  per  aere,  and  nalim 

of  M>il. 


1  cwt,  on  a  thin  light 

soil,  subsoil  clay  upon 

lime-stone. 
120  lbs.,  good  light  soil, 

subsoil  gravel. 
Ditto,  clay  soil  on  clay 

subsoil. 
160  lbs.,  St iffclay,  after 

wheat 
Ditto,  light  clay  loam, 

drained  after  barley. 
1  cwt,  meadow  hay,  soil 

not  mentioned. 
150  lbs.,  clover  hay,  soil 

not  mentioned. 
1  cwt  nitrate  of  potash 
and  li  of  nitrate  of  so- 
da, had  each  the  same 
effect  ou  a  heavj^  damp 
loam, partially  drained. 


On  the  other  band,  Mr.  Barclay  says  that,  on  his  heavy  clay 
lands  (plastic  clay),  in  Surrey,  near  the  edge  of  the  chalk,  it 
is  almost  always  a  failure ;  and  Ibe  Messrs.  Drewitt,  of 
Guildford,  that  on  their  chalk  soils,  the  additional  pro- 
duce of  hay,  w  hether  on  upland  or  iqeadow,.  does  not  re* 
pay  the  expense. 

II. — On  Barley. 


Locality. 

PKADUCB. 

UndreMed.j    UroMod. 
^ain.«traw.>rain.«trJ)w. 

Surrey, 
Mr.  Barclay. 

Newton  Hall, 

Northumberland, 
Mr.  Jobling. 

Suffolk, 
Hon.  Jl  WiUon, 

bash.  CWL 

44i  161 
47   26 
18 

butb.   ewt. 

55|  20i 
59   36 
32 

1  cwt  on  light  soil   with 
chalk  subsoil. 

1  cwton  strongtumip  land. 

I  cwt  on  a  poor  sandy  soil, 
where  the  turnips  on  the 
preceding     year     were 
nearly  destroyed  by  the 
land  blowing. 

6« 
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In  Berkshire,  oo  the  other  hand,  it  failed  (1839),  for  bar- 
ley on  the  liffht  lands,  causing  them  in  some  cases  to  be 
burned  up  (Mr.  Pusey),  but  the  season  was  droughty. 

III.— On  Winter  Rve. 

Mr.  Fleming,  of  Barochan,  applied  160  lbs.  per  acre  to 
rye,  upon  a  strong  clay,  after  potatoes,  and  obtained — 

UndrMsed.  DretMd. 

Grain  ....  14  bushels 26  bushels. 

Straw  ....     1  ton  7^  cwt.  .  .     2  tons  19^  cwt 

IV. — Upon  Oats. 


1 

PRODOCB. 

ClaaDtity  per  eere,  ud 
kiadofeoil. 

UcaUty.         ) 

UodreMftd. 

Dressed, 
fnio.    ttrmw. 

gnin. 

•traw. 

Bakewell,    ) 

Derbyshire,  > 

Mr.  Greavest  ) 

Court  Farm,  5 

Hayes,  \ 
Mr.Newman^  ) 
Leatherhead,  ) 

Surrey,  > 
Mr.  Barclay,  ) 

bttsh. 

48i- 

46 

40 

cwt. 

31 
61 

buah. 

64 
60f 

60 

1 

CWL 

38t 
46^ 
90 

1  cwt ;   heavy  soil, 
clay  subsoil 

1  cwt;  land  saturated 
with  water,  and  out 
of  condition. 

1  cwt ;  a  loam  con- 
taining flints,  on  a 
subsotl  of  chalk. 

Mr.  Everett,  in  Norfolk,  obtained  an  increase  of  Id 
bushels  per  acre,  by  the  use  of  f  cwt  per  acre ;  and  Mr. 
Calvert,  of  Ockley  Court,  of  20  bushels  of  grain,  and  9^ 
cwt.  of  straw,  by  applying  1^  cwt.  of  nitrate  of  soda.  Aa 
Kirkleatham,  (North  Yorkshire),  it  had  an  excellent  effect 
upon  oats,  on  strong  land, — and  on  the  strong  clays  of  the 
Weald  of  Surrey  and  Sussex  it  is  said  by  Mr.  Dewdney, 
of  Dorking,  to  be  universally  beneficial,  particularly  wben 
sown  on  ley  ground — paying  the  grower  27s.  to  30s.  per 
acre.  "  When  it  has  failed,  the  niti-ate  has  been  sowa 
early,  and  when  the  land  was  in  a  dry  state.  In  these  in- 
stances the  crop  was  more  or  less  blighted."  On  the 
other  hand,  Mr.  Barclay  states  that,  on  nis  strong  heavy 
land,  (plastic  clay),  near  the  edge  of  the  chalk,  in  Surrey, 
it  gave  no  profit. 

In  most  cases,  therefore,  the  nitrate  of  soda  seems  cam- 
ble  of  producing  a  large  increase  in  the  oat  crop— the  row 
failures  which  are  noted  must  be  due  either  to  the  state 
of  the  weather  or  to  some  peculiarities  in  the  phyaicai 
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condition  or  chemical  confltituuon  of  the  soils  on  which 
they  were  observed. 

v.— On  Wheat. 


Locdlfty. 


Fambam,  Suffolk,  { 

Mr  Mutkett.       { 

PainswickjGloacet-  j 

ter,  { 

Mr.  HyeU.         ) 

FabfordPark,Glou-) 

cetter,  [ 

Mr.RenfmcnaBarher  \ 

Mr.Dugdale, 


Coart  Farm,  Hayes, ) 
Mr.  Newman,      ) 


Brandon,  Suffolk,  ) 

Him.Mr.Waion.  } 

Surrey.  ( 

Mr,  Borounff  \ 

Paringdon, 
Mr.  Fusey, 


Ockley  Court, 

Mr.  CkUvert. 

Newton  Hal), 
Mr.  JoUmg. 

Cirencester, 
Dr.  Daybeny. 


R  oBelle,  near  Ayr, 
Col.Campbdl, 


\ 


PRODOCC. 

Uudrecsed.  1    Drowed. 

gram. 

straw. 

grata. 

•Iraw. 

bttsh. 

ewt 

bock. 

ewt. 

18* 

27 

331 

434 

26 

15 

33* 

211 

42 

34 

54 

38* 

32 

36* 

HI 

18* 

20 

251 

274 

33f 
ZV 

20 
24* 

32 
36 

334 

23 
271 

27 

21| 

20| 

24* 
20* 
20* 

39* 
26 

34* 

25* 
24* 

33 

251 

45| 

m 

30 

29* 

36 

35* 

271 

16 

31| 

20* 

154 

35 

31* 

47 
42 

52 

76 

Qusnti^  peraere,  and  kind 
of  MiL 


1*  ewt;  a  poor  spongy 
sandy  soil. 

1  ewt;  a  ttone-hragh  soil 
abounding  In  carbonate 
of  lime. 

1  ewt;  on  a  lightstone- 
brash  poor  thin  soil. 

1  ewt.  nitrate  of  soda,  on  a 
grandly  soil ;  an  equal 
weight  of  nitrate  of  vot- 
€uh  produced  only  naif 
bushel  of  increaseCT). 

1  ewt  nitrate  of  soda  on  a 
strong  clay.  Both  por- 
tions were  previously 
limed. 

1  ewt^  on  a  very  thin 
crop,  miured  by  an  im^ 
vourable  autumn.  Soil 
not  stated. 

1  ewt  on  a  fair  light  soQ. 

Do.,  loam3r,  better  land. 

1  ewt. :  soil  loamy,  resting 
on  cnalk,  straw  strong, 
and  much  wheat  laid.* 

Do.  on  heavy  soil,  resting 
on  the  Ozibrd  clay.  But 
ail  theu  verydijferemtre' 
svltt  were  cMained  in  the 
eameJUid. 

Do.  com  generally  laid, 
soil  not  meniioBed. 

1  ewt  soil  not  mentioned. 

1  ewt  nitrate  of  potash. 
Do.  nitrate  of  soda,  soil  and 

subsoil  clay,  resting  on 
^  the  com-bresh. 
180  lbs.  nitrate  of  soda. 
Do.  nitrate  of  potash.   Soil 

not  mentioned.t 


*  The  dressed  grain  sold  at  4s.  less  than  the  undressed,  and  there  was  no  profit ;  the 
nitrate  failed  on  heary  land,  and  on  land  In  high  condition. 

t  The  produce  of  straw,  especially  from  the  saltpetre,  is  very  surprising.  It  is 
stated  at  518  and  764  stones  for  the  two  lois  respsetivsly.  I  suppose  the  acres  to  be 
BcoCebySad  the  stoaaa  14  Um. 
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VI.— Ok  TrBNiPs. 

At  Rozelle  the  Swedes  were  improved  several  tons  an 
acre  by  the  use  of  the  nitrate  of  soda  (Mr.  Campbell).  At 
Dorking  it  was  very  beneficial  as  a  top-dressing  to  the 
Swedes  and  white  turnips,  when  sown  broad-cast  at  the 
rate  of  1^  cwt.  per  acre  (Mr.  Dewdney.)  In  neither  of 
these  cases  is  the  soil  described.  On  thin  stony  land  upon 
chalk  at  Elmshurst,  Bucks,  turnips  manured  with  nitrate 
alone,  were  very  superior  to  those  to  which  10  loads  an 
acre  of  farm-yard  manure  had  been  applied  (Mr.  Burgess). 
The  only  numerical  results  with  which  I  am  acquainted 
are  those  of  Mr.  Barclay  on  a  loamy  soil  resting  on  chalk. 
His  crop  of  turnips  was 

30^  cwt.  when  dressed  with  bones  and  wood  ashes, 
each  15  bushels. 

31  cwt.  when  dressed  with  1  cwt  of  nitrate  of  soda, 
drilled  in. 

35  cwt.  when  seed  and  nitrate  were  both  broad-cast. 

38  cwt.  when  the  seed  was  drilled  and  the  nitrate 
broad -cast. 

On  the  other  hand,  Lord  Zetland  thought  it  did  no  good 
to  turnips ;  Mr.  Vansittart  that  on  strong  land  well  dunged 
it  did  harm ;  and  the  Messrs.  Drewitt  that  on  their  dry 
rubbly  chalk  it  had  no  effect  on  this  crop,  though  it  im- 
proved in  a  remarkable  degree  the  succeeding  crop  of 
barley. 

We  are  obviously  in  want  of  more  numerous  and  bet- 
ter observations,  especially  in  regard  to  turnips.  The 
above  discordancies  will  either  vanish  when  we  obtain  a 
larger  collection  of  results,  or  they  will  find  an  exi>lanation 
in  the  more  accurate  observations  we  may  expect  to  ob- 
tain in  regard  to  the  climate,  soil,  and  geological  position 
of  the  locality  in  which  each  experiment  is  made.  Those 
practical  men  who  are  really  desirous  of  aiding  the  pro- 
gress of  scientific  agriculture, — by  which  progress  not 
only  the  national  welfare,  but  their  own  individual  inte- 
rests also  are  likely  to  be  promoted, — will  do  more  towards 
this  end  by  one  single  experiment  in  which  weights  and 
measures  are  carefully  determined,  and  the  soil,  the  cli- 
mate, the  geological  position  and  the  lie  of  the  land,  accu- 
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rately  deaoribed,  than  by  any  number  of  mere  general 
stalementB,  such  as  those  I  have  here  laid  before  you  in 
regard  to  the  effect  of  the  nitrates  upon  the  turnip  crop. 

e.  Effect  of  the  nUrates  on  the  quality  ^  the  crop, — 
This  I  have  already  in  some  measure  alluded  to.  It  so 
affects  the  grass  and  clover  as  to  make  it  more  relished 
by  the  cattle.  This  is  usually  expressed  by  saying  that 
the  crop  is  sweeter,  but  since  cattle  are  known  to  be  fond 
of  saline  substances,  it  may  be  that  the  grasses  are,  by 
these  salts,  only  rendered  more  savory.  It  generally  also 
gives  a  grain  (of  wheat)  of  an  inferior  quality — which  has 
a  thicker  skin,  and  yields  more  bran.  This  may  possibly 
arise  from  its  having  been  generally  allowed  to  ripen  too 
long.*  A  question  still  undetermined  is,  whether  toe  flour 
of  nitrated  corn  is  more  nutritive  than  that  obtained  from 
com  which  has  been  undressed. 

It  is  generally  supposed  that  those  samples  of  flour 
which  contain  the  most  gluten  are  also  the  most  nutrative. 
But  hitherto  the  only  experiments  which  have  been  made 
with  the  view  of  determining  the  relative  quaiAities  of 
gluten  in  samples  of  grain  from  the  same  field,  one  portion 
of  which  had  been  nitrated,  and  the  other  not,  are,  one 
made  by  Dr.  Daubeny,  and  one  reported  by  Mr.  Hyett,  to 
the  latter  of  which  I  have  already  had  occasion,  for  ano- 
ther purpose,  to  direct  your  attention  t 

In  these  experiments  the  flour  of  the  several  wheats 
gave— 

In  Dr.  I>anbe&>'s  la  Mr.  Hjett't 

Experiment.  Experimeut 

Nitrated  -  •  •  15  per  cent,  of  gluten  -  -  -  23^  per  tent, 
Unnitrated  -  -  -  13  per  cent,  of  gluten  -  -  -  19   percent. 

both  of  which  results  favour  the  supposition  that  one  effect 
of  the  nitrates  upon  the  quality  of  the  grain  is  to  increase 
the  proportion  of  gluten,  and  thus  to  render  them  as  is 
generally  believed  more  nutrative.     This  is  a  result  which 

^  See  Mr.  John  JEfannann'i  valvabto  eiqwrimeati  oo  the  owr-ripsning  of 
com,  in  the  Quarterly  Journal  of  Agriculture, 
t  See  p.  215,  note. 
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theoretically  we  migbt  be  led  to  anticipate  were  there  no 
large  increase  in  the  quantity  of  the  produce— for  then  we 
might  naturally  expect  the  nitrogen  of  the  nitric  acid  to 
be  expended  solely  in  enriching  the  grain  with  gluten. 
But  the  increase  of  crop  contains  in  many  cases  more  ni- 
trogen than  we  add  to  the  soil  when  we  dress  it  with  one 
cwt.  of  nitrate  of  soda  per  acre,  there  is,  therefore,  no  ex- 
cess of  nitrogen  which  we  can  suppose  to  go  to  such  an 
enriching  of  the  more  abundant  crop  of  grain.  For  this 
reason,  among  others,  I  am  inclined  to  doubt  whether  fur- 
ther careful  examination  will  prove  the  flour  from  nitrated 
grain  to  be  always  richer  in  gluten,  and,  therefore,  more 
nutritious.  At  all  events  increased  experiments  are  to  be 
wished  for. 

d.  After-effects  of  these  nitrates.-'^ll  is  comparatively  sel- 
dom that  any  good  effects  have  been  observed  upon  the 
crop  which  succeeds  that  to  which  the  nitrate  of  soda  has 
been  applied.  Where  they  have  been  noticed  it  has  been 
chiefly  in  cases  where  from  some  cause  (drought  or  dry- 
ness of  4ioil  chiefly)  the  salt  has  been  prevented  from  ex- 
erting its  full  and  legitimate  action  upon  its  first  applica- 
tion.    Thus 

1^.  Failing  to  improve  turnips  on  a  rubbly  chalk  soil,  it 
greatly  benefitted  the  succeeding  crop  of  barley  (Mr. 
Drewitt,  Guildford,  Surrey). 

Producing  little  effect  on  tares  (upon  a  clay  soil  1)  it 
improved  very  much  the  turnip  crop  which  followed  (Mr. 
Barclay,  Leatherhead,  Surrey). 

2°.  In  the  following  instances  the  benefit  was  seen  on 
successive  crops : — 

After  producing  an  increase  of  one-sixth  in  the  wheat 
crop  both  grain  and  straw,  on  a  light  sandy  soil  (subsoil  1) 
the  turnips  of  the  following  year  were  decidedly  better 
where  the  nitrate  had  been  sown  (Hon.  H.  Wilson,  Bran- 
don, Suffolk). 

After  improving  the  crop  of  wheat,  the  ailer-crop  of  hay 
was  also  better  (Mr.  Grey,  of  Dilston). 

At  Upleatham,  the  second  cut  of  clover  was  nearly  as 
much  improved  as  the  first  (Mr.  Vansittart),  and  at  Dilston 
the  aftermath  hay  was  greater  in  quantity,  and  better  re- 
lished by  the  cattle  (Mr.  Grey). 
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3^.  A  curious  effect  is  noted  by  Mr.  It od well,  of  Alder- 
ton,  Wood  bridge — the  tohite  clovfr  faUtd  after  barley  on 
tekich  nitrate  had  been  uted  / 

The  solubility  of  these  nitrates  is  so  great  that  in  our 
climate,  in  seasons  of  ordinary  rain,  and  on  lands  having  a 
moderate  degree  of  inclination,  we  should  expect  that  they 
would  be  in  a  great  measure  washed  out  of  the  land  in  a 
single  year.  Hence  one  reason — even  supposing  little  of 
the  salt  to  have  entered  into  the  roots  of  the  growing 
crop — why  we  are  not  entitled  generally  to  expect  any 
marked  effect  from  it  .upon  a  second  crop.  But  let  the 
season  be  so  dry,  or  the  soil  so  retentive,  and  the  land  so 
level,  as  to  prevent  its  being  all  taken  up  by  the  roots,  or 
washed  away  by  the  rains  during  one  year,  and  we  may 
then  look  for  after-effects,  such  as  those  above  described. 

e.  Circumstances  necessary  to  ensure  the  success  of  these  sa- 
line manures. — This  explanation  will  appear  more  satis- 
factory if  we  glance  for  a  moment  at  the  general  condi- 
tions which  are  necessary  to  ensure  the  success  of  these  or 
any  other  saline  manures. 

l^'.  They  must  contain  one  or  more  substances  which 
are  necessary  to  the  growth  of  the  plant. 

2^.  The  soil  must  be  more  or  less  deficient  in  these 
'substances. 

S^'.  The  weather  must  prove  so  moist  or  the  soil  be  so 
springy  as  to  admit  of  their  being  dissolved,  and  conveyed 
to  the  roots. 

40.  They  must  not  be  applied  in  too  large  a  quantity,  or 
allowed  to  c^me  in  contact  with  the  young  shoots  in  too 
concentrated  a  form — the  water  that  reaches  the  roots  or 
young  leaves  must  never  be  too  strongly  impregnated 
with  the  salt,  or  if  the  weather  be  dry,  the  plant  will  be 
blighted  or  burned  up. 

50.  7  he  soil  must  be  sufficiently  light  to  permit  the  salt 
easily  to  penetrate  to  the  roots,  and  yet  not  so  open  as  to 
allow  it  to  be  readily  washed  away  by  the  rains.  In  re- 
ference to  this  point  the  nature  of  the  subsoil  is  of  much 
importance.  A  retentive  subsoil  will  prevent  the  total  es- 
cape of  that  which  readily  passes  through  a  sandy  or  gra- 
velly soil,  while  an  open  subsoil  again  will  retain  nothing 
that  has  once  made  its  way  through  the  surface. 
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f.  CoiCM  in  which  the  niiraies  haice  faniikd, — A  kao  wledge 
of  the  above  cooditiona  will  enable  us  in  many  cases  to 
explain  why  the  nitrates,  and  other  generally  useful  sob- 
atances,  have  failed  to  exhibit  any  beneficial  effect. 

lo.  Thus  on  the  light  soils  of  Berkshire  the  nitrate  of 
soda  failed  for  barley,  causing  it  often  to  be  blighted  or 
burned  up.  This,  no  doubt,  arose  from  the  drought  whidi 
may  act  in  one  or  other  of  several  ways.  Either  it  may 
prevent  the  salt  from  being  dissolved  at  all,  and  thus  binder 
Its  action  altogether  for  the  <tme,— or  it  may  retard  tbe  so- 
lution till  the  plant  has  attained  such  a  state  of  maturity, 
that  it  is  no  longer  capable  of  being  equally  benefitted  by 
the  introduction  of  the  salt  into  its  routs— -or  after  being 
dissolved,  and  having  partially  descended  into  the  soil,  the 
drought  may  cause  it  to  ascend  again  with  the  water  which 
rises  to  the  surface  in  consequence  of  the  evaporation^  and 
may  thus  preseiit  it  to  the  plant  in  so  concentrated  a  form 
as  to  injure  the  young  shoots — or,  finally,  the  action  of  tbe 
sun  upon  the  green  leaf,  into  which  a  portion  ef  the  salt 
has  already  been  conveyed  by  the  roots,  may  be  so  power- 
ful as  to  concentrate  the  saline  solution,  or  to  increase  its 
decomposition  to  such  an  extent  as  to  cause  injury,  and 
consequent  blight  to  tbe  leaf  itself. 

2^.  Again,  at  Cheadale,  in  Cheshire  (Mr.  Austin),  the 
nitrate  of  soda  is  said  to  have  had  a  good  eflfect  on  wheat 
and  grass  where  the  subsoil  was  day^  but  none  where  tbe 
subsoil  was  gravel,  or  the  soil  light  and  sandy.  Here  the 
supply  of  water  in  the  soil  may  have  been  such  as  to  fit  it 
for  entering  readily  into  the  roots  in  a  proper  state  of  dila- 
tion, when  the  retentive  subsoil  kept  it  within  reach  of  the 
roots, — and  yet  sufficient,  at  the  same  time,  to  wash  it 
away  altogether  where  the  soil  and  subsoil  were  too  open 
to  be  able  to  retard  its  passage. 

3<>.  But  the  occasional  occurrence  of  droughts  or  the 
mere  physical  distinctions  of  lands  as  light  or  heavy*  are 
not  sufficient  to  account  for  all  the  recorded  diffisrences  in 
the  effect  of  the  nitrates.  Thus  on  the  days  of  the  WeaM 
in  Sussex  (Mr.  Dewdney),  and  on  the  Oxford  claj  in 
Berkshire  (Mr.  Pusey),  the  use  of  the  nitrate  has  been  at- 
tended with  general  benefit  upon  oats  and  wheat,  while  on 
the  plastic  clay  in  Surrey  (Mr.  Baraiay),  it  has  been  mi- 


fermly  uRgac<sd«ifo1.  The  cause  of  these  cliflerences  it  to 
he  sought  for,  most  prohahly,  in  the  chemical  constitution 
of  the  several  clays,  which  are  known  to  he  veiy  unlike. 
The  Weald  clay  is  a  fresh  water  formation,  contains  much 
finegrained  siliceous  matter  (Part  II.  p.  356),  and  is,  there- 
fore, comparatively  pervious  to  water.  The  Oxford  day 
soils  in  Berkshire  abound  in  lime,  and  must,  therefore,  be 
in  some  degree  pervious,  while  the  plastic  clay  of  Surreyt 
where  they  are  stiffest,  contain  little  lime  and  partake 
more  of  the  impervious  character  of  pipe  clays.  It  may 
possibly  be  in  such  diflbrences  as  these  that  we  are  to  find 
an  explanation  of  the  'discordant  results  of  different  expe* 
rimenters,  but  much  further  observation  is  still  wantmg 
before  we  can  speak  with  any  degree  of  tsonfidence  upon 
the  subject 

To  some  an  explanation  may  appear  to  be  most  eaBtly 
given  by  supposing  the  one  soil  to  have  been  rich  in  soda, 
while  the  other  was  defective  in  this  substance.  I  shall 
advert  to  this  point  in  explaining  the  theory  of  the  action 
of  the  nitrates  of  potash  and  soda. 

g.  Circumstances  in  which  the  empioymitU  of  the  nitrates 
is  most  henefidah'-^l^.  It  appears  to  succeed  most  invari- 
ably in  lands  which  are  poor-^-^r  out  of  condition— or  on 
which  the  com  is  thin.  Every  farmer  knows  that  the 
most  critical  time  with  his  crop,  as  with  his  cattle,  is  du- 
ring the  earliest  stage  of  its  growth.  If  it  come  away 
quickly  and  strong  during  the  first  few  weeks,  his  hopes 
are  justly  high,  but  if  it  droop  and  linger  after  it  is  above 
the  ground,  his  fears  are  as  justly  excited.  It  is  in  this 
latter  condition  of  things  that  an  addition  of  nitrate  comes 
to  the  aid  of  the  feeble  plant,  re-animating  the  pininc 
shoots,  and  making  the  thin  com-tiller.  On  rich  lands  and 
thickly  growing  crops  it  only  causes  an  over-gprowth  of  aK 
ready  abundant  straw.  According  to  the  experiments  of 
Mr.  Barclay,  it  is  most  advantageous  when  sown  broad- 
cast^ 

*  A  vtthmUe  |Krao«pt  flklao  n,  lo  proceed  oratioaiily  in  Uie  vte  of  thate  aah 
IMDtive  robataiicea— makiog  smaU  triala  at  fint,  and  hicreaaing  the  anan- 
titiea  employed  at  aucceaa  may  warrant.  By  thia  mode  of  procedure  larg» 
loaaea,  oi  wniek  I  have  heeid,  wo«ild  have  Men  aveided. 

,  PART  nu  6 
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2^.  Whatever  may  be  the  chemical  nature  of  the  anrftce 
Boil,  the  saccesa  of  the  nilrale  seems  to  be  most  sure  where 
the  land  is  not  wholly  destuate  of  water,  where  the  soil  is 
open  enough  to  allow  it  readily  to  descend,  and  yet  the 
subsoil  sufHcieDtly  retentive  to  prevent  it  from  beiog  rea- 
dily washed  away. 

3^.  1  throw  it  out  as  a  suggestion  which  has  occurred  to 
me  from  a  comparison  of  the  results  contained  in  the  above 
tables,  with  the  kind  of  soils  on  which  the  experiments 
were  made — that  probably  the  presence  of  lime  in  the  soil 
may  tend  to  insure  the  success  of  the  nitrate.  In  many  of 
the  instances  of  large  crops  obtained  by  its  aid  the  land 
was  either  naturally  rich  in  lime,  or  it  had,  in  the  ordinary 
course  of  husbandry,  been  previously  marled  or  limed. 

h.  Theory  of  the  action  of  tlt^  nitrates. — The  nitric  acid  of 
these  salts  contains  26  p^c  cent,  of  its  weight  of  nitrogen — 
or  one  cwt.  of  pure  dry  nitrate  of  soda  contains  about  19 
lbs.  of  nitrogen.  This  nitrogen  we  know  to  be  a  neces- 
sary constituent  of  plants — one  which  they  obtain  almost 
wholly  from  the  soil — but  which  nevertheless  is  generally 
present  in  the  soil  in  small  quantity  only.  We  have  already 
seen  reason  (Part  I.  p.  237)  to  believe  that  nitric  acid  exists 
naturally  in  the  soil,  and  is  the  form  in  which  a  large  por- 
tion of  their  nitrogen  is  conveyed  into  the  roots  of  plants ; 
"—when  we  add  it  to  our  fields,  therefore,  we  only  aid  na- 
ture in  supplying  a  compound  by  which  vegetables  are 
usually  sustained.  And  as  the  young  plant  will  necessa- 
rily languish  in  the  absence  of  one  essential  kind  of  food, 
although  every  other  kind  it  may  require  be  present  in 
abundance,  it  is  easy  to  see  how  the  growth  of  a  crop- 
languidly  proceeding  upon  a  soil  deficient  in  nitrogen — 
may  be  suddenly  re-animated  by  an  application  of  nitrate 
of  soda  to  its  roots.  That  this  is  the  true  way  in  which 
the  nitrates  generally  act  is  supported  by  the  observation 
.that  it  is  in  the  poorest  soils  that  they  are  moat  useful  to 
the  husbandman. 

We  have  already  seen  also,  that  one  function  of  the  leaf 
in  the  presence  of  the  sun  is  to  decompose  carbonic  acid, 
and  give  off  its  oxygen  (Part  I.  p.  132).  It  exerts  a  simi- 
lar action  upon  the  nitric  acid  of  the  nitrates,  and  upon  the 
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fiulpliaric  acid  of  the  sulphates,  discharging  their  oxygen 
ioto  the  air,  and  thus  leaving  the  nitrogen  and  sulphur  at 
liberty  to  unite  with  the  other  elementary  substances  con- 
tained in  the  sap — for  the  production  of  the  several  com- 
pounds of  which  the  parts  of  the  growing  plant  consist. 

Nor  as  we  have  also  seen  in  a  previous  lecture*  is  the 
good  effect  of  these  nitrates  upon  the  crop  limited  to  the 
supply  of  that  quantity  of  nitrogen  only  which  they  them- 
selves contain.  The  excess  of  crop  raised  by  their  aid 
often  contains  very  much  more  nitrogen  than  they  have 
been  the  means  of  conveying  to  the  roots — even  supposing 
it  all  to  have  been  absorbed  and  appropriated  by  the  plant. 
This  arises  from  the  circumstance  that  the  more  the  plant 
is  made  to  thrive,  the  more  numerous  and  extendea  be* 
come  its  roots  also,  and  these  roots  are  thus  enabled  to 
gather  from  the  deeper  and  more  distant  soil  those  sup- 

Slies  of  nitrogenous  and  other  necessary  food,  which  would 
ave  remained  beyond  thetr  reach  had  the  plant  been  al- 
lowed to  remain  in  its  previously  feeble  or  more  languid 
condition.  Tbb  has  been  called  the  stimulating  effect  of 
manures,  and  some  substances  have  been  said  to  act  only 
in  thu  way  upon  vegetation.  This,  however,  appears  to 
me  to  be  a  mistake.  The  supposed  stimulating  is  always 
a  secondary  eflbct,  and  necessarily  follows  from  the  use  of 
every  kind  of  manure,  which  by  feeding  the  plant  gives  h 
greater  strength,  and  thus  enables  it  to  appropriate  other 
supplies  of  food  which  were  previously  beyond  its  reach, 
or  which  from  the  absence  of  one  necessary  constituent  it 
could  not  render  available  to  its  natural  growth. 

In  this  way  the  nitrates  act  as  such — in  contra-distinc- 
tion  to  the  sulphates  and  other  salts  of  potash  and  soda. 
But  there  is  every  reason  to  believe  that  the  potash  and 
soda  themselves  often  aid  the  effect  of  the  nitric  acid  with 
which  they  are  associated.  In  soils  deficient  in  these  alca- 
lies  the  nitrates  would  act  beneficially,  even  though  nitric 
acid  were  already  present  in  abundance, — while,  on  the 
other  hand,  a  field  that  is  defective  in  both  constituents  of 
the  salt  (nitric  acid  and  potash  or  soda),  will  be  more 

*  See  Leciore  VUI.  pp.  tSl  ond  $St 
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grataful  for  the  same  addition  of  it  tban  one  in  whieli 
either  of  them  already  ahoundfk  In  thia  way*  it  ia  not 
unlikely  that  the  diaeordaoc  resulta  of  experiments,  eren 
on  the  same  farm,  and  especially  when  the  soils  are  di&- 
rent,  may  occasionally  be  explained, 

f.  Special  effecU  of  ike  nUraies.  of  ^poUuik  and  §oda, — On 
thiaaleaHne  constituent  of  the  two  nitrates  will  depend  the 
special  action  of  each  when  applied  to  the  same  soil  under 
the  same  circnmstances.  It  nas  not  yet  been  clearly  made 
out  that  any  definite  special  actionem  be  ascribed  to  tbem, 
yet  some  experimenfes  bearing  npon  this  pouit  have  al- 
ready been  published,  to  which  it  will  be  proper  to  advert. 
From  the  study  of  the  special  aetioa  of  given  naannres 
upon  given  crops,  practical  agrieulUire  baa  much  good  to 
expect. 

lo.  At  Rozelle,  near  Ayr  (1840X  nib^ateof  potash  eaused 
oi^  to  come  away  darker  and  stronger,  and  to  give  a  hea:vy 
crop,  while  in  the  same  field  nitrate  of  soda  produced  ao 
benefit.  The  soil  was  inferior,  light,  and  sandy,  with  a  red 
irony  subsoil  (Capt.  Hamilton).  It  is  added  that  the  crop 
was  injured  by  the  early  drought  firom  which  it  never  re- 
covered. This  fact  renders  the  speciaLeflbct.of  the  nitrate 
of  potash  in  this  case  doublfuli 

2<'.  In  the  experiments  upon  wiieat,  made  by  the  aame 
gentleman  on  the  same  farm,— it  u  to  be  presumed  upon 
a  similar  soil« 

Oraia.  8tnw. 

Nitrate  of  soda  gave  ...  46  bush.,  and  52  cwt. ;. 
Nitrate  of  potaish.  gave  . .  42  bush.,,  and  76  cwt. ; 
the  produce  of  straw  being  here  also  greatly  in  favour  of 
the  potash  salt. 

S^.  Dr.  Daubeny  also,  in  the  experiment  upon  wheat 
above  detailed,  found  the  nitrate  of  potash  to  increase  the 
produce  considerably  while  the  nitrate  of  soda  caused  no 
increase  whatever.  The  soil  was  stiflTclay  upon  the  corn- 
brash. 

These  superior  effects  of  the  potash  salt  may  certainly 
be  ascribed  to  the  greater  deficiency  of  the  several  soils  in 
potash  than  in  soda,  a  supposition  which  in  the  case  of  the 
jEtozelle  experiment  is  consistent  with  the  fact,  that  com- 
mon salt,  when  tried  upon  the  same  landK  produced  nogood 
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effect.  If,  however,  as  some  suppose  (Part  III.  p.  47),  pot- 
ash and  soda  are  capable  of  re-placing  each  other  in  the 
itving  vegetable  without  materially  affecting  its  growth, 
this  explanation  cannot  be  tlie  true  one.  Further  experi- 
ments, however,  if  carefully  conducted,  will  not  fail  to 
clear  up  this  question. 

40.  On  a  gravelly  soil  Mr.  Dugdale  obtained  an  increase 
of  12  bushels  of  wheat  by  the  use  of  nitrate  of  soda,  while 
nitrate  of  potash  increased  the  crop  by  only  half  a  bushel. 

This  result  may  be  explained  after  the  same  manner  as 
the  preceding — the  soil  may  have  already  abounded  ia 
potash. 

50.  In  Perthshire,  upon  a  moist  loam,  Mr.  Bishop  ob- 
tained an  equal  increase  of  hay  from  the  use  of  both  ni- 
trates ;  each  having  caused  the  production  of  a  double 
crop. 

Ihe  equality  in  this  case  may  have  arisen  from  the 
effects  being  wholly  due  to  the  nitric  acid,  both  potash  and 
soda  beiag  already  abundant  in  the  soil.  This  is  consistent 
with  the  situation  of  the  locality  in  a  granite  country,  and 
is  further  supported  by  the  fact,  that  on  the  same  soil  and 
field  ammoniacal  liquor,  which  contains  no  alcali,  produced 
a  still  larger  increase  of  produce. 

You  will  understand,  however,  that  all  these  attempted 
explanations  proceed  upon  the  supposition  that  the  experi- 
ments have  been  both  carefully  made  and  faithfully  re- 
corded. 

70.  Chloride  of  Sodium  or  Common  Salt. — The  use  of 
common  salt  as  a  manure  has  been  long  recommended, 
in  some  districts  it  has  been  highly  esteemed  and  is  still 
extensively  and  profitably  applied  to  the  land.  It  has, 
like  many  other  substances,  however,  suffered  in.  general 
estimation  from  the  unqualified  terms  in  wliich  its  merits 
have  been  occasionally  extolled.  About  a  century  aga 
(1748),  Brownrigg*  maintained  that  the  whole  kingdom 
might  be  enriched  by  the  application  of  common  salt  to 
the  soil,  and  since  his  time  its  use  has  been  at  intervals 
recommended  in  terms  of  almost  equal  praise.    But  these 

6* 
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warm  recommendations  have  led  sanguine  men  to  mak« 
large  trials  wiiich  have  occasionally  ended  in  disappoirit- 
ment,  and  hence  the  use  of  salt  has  repeatedly  fallen  iolo 
undeserved  neglect. 

It  is  certain  that  common  salt  has  in  very  many  cases 
been  advantageous  to  the  growing  crop.  Some  of  the 
more  carefully  observed  results  which  have  hitherto  been 
published,  are  contained  in  the  following  table : — 


Localitf. 


VPON  WBBAT. 


Mr,  G.  Sisieknr.i 


Great  Totbaro, 

Essex, 

Mr.Cuih,  Jchnsovi 

Barocban,  Paisley, 

Mr.  Fleming, 


\ 


OM   BAHLBT. 

Suffolk.         ) 
jifr.  Ramonu    \ 

ON  BAT. 

At  Aske  Hall,    > 

near  Richmood. ) 

At  Erskine,  near 

Renfrew. 


ProdiiG«  per  Aero. 


UnMlteii. 


bathda* 

16| 

lU 
16 


12 


131 


25 


^^^^m^^^t^^^s^ 


30 


I 


2 
2 


0 
1 


Sdliad. 


biathel*. 

22i 

21 

17f 

231 

261 
281 
26i 

32 


QuanUljf  a^yplisd  per  acra, 
of  Mil 


after 


11  bushelsi  after  barley. 
61      do.,     after  beans. 
Da  sown  with  the 

seedr 
De»  dug  in  with  the 

seeOf 
5i  bB8h.r  applied  ) 

before  sowing*  >*„--,:^ 
11  bush.  do.  aaV"™P^ 


after 


5  bush.,  light  gravelly  soil 

iOO  lbs.,  heavy  loam,  alter 
potatoes. 


^1^%^^!^^^^    w^^^rfi^^^^^^^^^W^fc^^^P^Pi^^^W^^^^^N^l^i 


51 


loos.ewt. 

3    12 

2    12 

2     8 


16  bushels. 


6  bushels,  thin  light  soiI,l 
clay  Bobsoil,  ' 

5  bush.,  light  soil  on  graveU 
Do.,  clay  soil  on  clay.  I 


But  it  is  as  certain  that  in  many  cases  when  applied  to 
the  land,  common  salt  has  failed  to  produce  any  sensible 
improvement  of  the  growing  crop.  And  as  failures  are 
longer  remembered,  and  more  generally  made  known  than 
successful  experiments,  the  fact  of  their  frequent  occur- 
rence has  prevented  the  use  of  salt  in  many  cases  where 
it  might  have  been  the  means  of  much  good. 

Cau9e  of  iheu  failureg. — It  is  not,  indeed,  to  be  vronder- 
•d  at^  that  amid  conflicting  statements  as^  to  its  value,  th« 
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practical  fanner  should  have  hesitated  to  incur  the  trouble 
and  expense  of  applying  it — so  long  as  no  principle  was 
made  known  to  bim  by  which  its  application  to  this  soil 
rather  than  to  that,  and  in  this  rather  than  the  other  local- 
ity,  was  to  be  regulated. 

1°.  We  know  that  plants  require  for  their  sustenance 
and  growth  a  certain  sapply  of  each  of  the  constituents  of 
common  salt,  which  supply,  in  general*  they  mnst  obtaiir 
from  the  soil.  If  the  soil  in  any  field  contain  naturally 
a  sufficient  quantity  of  common  salt*— or  of  chlorine  and 
soda,  in  any  other  state  of  combination-^it  will  be  unne* 
cessary  to  add  this  substance,  or  if  added,  it  will  produce 
no  beneficial  effect.  If,  on  the  other  hand,  the  soil  contain* 
little^  and  has  no  natural  souree  of  supply,  the  addition  of 
salt  may  cause  a  considerable  increase  in  the  crop. 

Now  there  are  certain  localities  in  which  we  can  saj 
before  band  that  common  salt  is  Hkely  to  be  abundant  in 
the  soil.  Si»ch  are  the  lands  that  lie  along  the  sea-coast, 
or  which  are  exposed  to  the  action  of  prevailing  sea  winds. 
Over  such  districts  the  spray  of  the  sea  is  constantly  borne 
by  the  winds  and  strewed  upon  the  land,  or  is  liAed  higb 
into  the  air,  from  which  H  descends  afterwards  in  the 
rains.*  This  consideration,  therefore,  affords  us  the  im- 
portant practical  rule  in  regard  to  the  application  of  com- 
mon salt — tkiU  U  u  tnatt  likdy  to  he  oenefieial  in  spott^ 
tthick  art  remote  from  the  eea  or  are  ehelUred  from  ike  prt' 
vaUing  eea  toinde. 

It  is  an  interesting  confirmation  of  this  practical  rule 
that  nearly  all  the  suceessfui  experiments  above  detailed^ 
were  made  in  localities  more  er  less  remote  from  the  sea, 
while  most  of  the  failures  on  record  were  experienced 
near  the  coast  This  eonsideration,  it  may  be  hoped,  will 
induce  many  practical  men  to- proceed  with  more  conB* 
dence  in  making  trial  of  its  effects  on  inland  situations.    It 

*  Dr.  Madden  hai  calciilated  that  the  quantity  of  rain  which  falls  at  Peni- 
enick  in  a  year,  brinndown  upon  each  acre  of  lend  in  that  neighbonrhood, 
more  than  600  lb*,  weight  of  common  salt.  This  wonld  be  an  enormous 
dressing  were  it  all  to  remain  upon  the  land.  Heavy  rains,  however,  pro- 
bably carry  off  more  fiom  the  soil  than  they  impart  to  it  it  is  the  gentle 
showers  that  msat ennohthe fielda  walb th* salaie mid ertmr nnttttnr they 
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is  very  desirable  that  the  value  of  this  practical  rule,  which 
I  suggested  to  you  in  a  former  lecture  (Part  II.  p.  288), 
should  be  put  to  a  rigorous  test.* 

2^.  But  some  plants  are  more  likely  to  be  benefitted  by 
the  application  oi  common  salt  than  others.  This  may  be 
inferred  from  the  fact  that  certain  species  are  known  to 
flourish  by  the  sea-shore,  and  where  they  grow  inland  to 
select  such  soils  only  as  are  naturally  impregnated  with 
much  salise  matter.  Obsenrations  ere  stiU  wanting  to 
show  which  of  our  cultivated  crops  is  most  favoured  by 
common  salt.  It  is  known,  however,  that  the  grass  of  salt 
marshes  is  peculiarly  nourishing,  and  b  much  relished  by 
cattle,  and  that  the  grass  lands  along  various  parts  of  our 
coast  produce  a  herbage  which  possesses  similar  proper- 
ties. It  is  said  also  that  the  lone  Utuack  grau  which 
covers  the  Falkland  Islands  luxuriates  most  when  it  is 
within  the  immediate  reach  of  the  driving  spray  of  the 
southern  sea^  It  may  well  be,  therefore,  that  among  oar 
cultivated  crops  one  may  delight  mere  in  common  salt  than 
anotber,^^na  if  we  consider  how  much  aicaline  matter  is 
contained  in  the  tops  and  bulbs  of  the  turnip  and  the  po- 
tato, we  are  almost  justified  in  concluding  that  generallY 
common  salt  will  benefit  green  crops  more  than  crops  of 
corn,  and  that  it  will  promote  more  the  development  of 
the  leaf  and  stem  than  the  filling  of  the  ear. 

If  this  be-  so  we-  can  readily  understand  how  a  soil  may 
already  contain  abundance  of  salt  to  supply  with  ease  ibe 
wants  of  one  crop,  and  yet  too  little  to  meet  readily  the 
demands  of  another  crop.  The  application  of  salt  to  such 
a  soil  will  prove  a  failure  or  other w be,  aceording  to  the 
kind  of  crop  we  wish  to  raise. 

30.  Failures  have  sometimes  been  experienced  abo  on 
repeating  the  application  of  salt  to  fields  on  which  its  first 
effects  were  very  favourable.  In  such  cases  it  may  be 
presumed  that  the  land  has  been  already  supplied  with 

*  A  number  of  ihilures  are  described  in  the  sixth  TDlnme  of  the  *'7VBa«- 
mi$iam9  pf  the  Higkland  and  AgricnUmraL  Sodeijf,**  Dr.  Madden  he»  re- 
cently shown  that  lo.nearly  allthese  cases  the  above  principle  applies — 
the  farms  on  which  they,  were  tried  being  more  or  less  freely  expoeed  to 
the  winds  flfom  the  east  or  west  w^^-^^Qnantrbi  JmffmtA  ^Agfumltmr% 
S9^18tt,(p.S74>.  ^ 
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salt,  sufficient  perhaps,  for  man  j  years'  con9an)ption,^-aQd 
that  it  now  requires  the  application  of  some  other  sub- 
stance. 

If  it  be  desired,  experimentally,  to  ascertain  whetlier  the 
laud  already  contains  a  sufficient  supply  of  common  salt, 
the  readiest  method  is  to  collect  half  a  pound  of  the  soil 
iu  dry  weather,  to  wash  it  well  with  a  pint  orYwo  of  cold 
distilled  water,  and  then  to  filter  through  paper,  or  care- 
fully  to  pour  oflTthe  clear  liquid  after  the  whole  of  the  soil 
has  been  allowed  to  subside.  A  solution  of  nitrate  of  silver 
(common  lunar-caustic  of  the  shops)  will  throw  down  a 
white  precipitate,  becoming  purple  in  the  sun,  which  will 
be  more  or  less  copious  according  to  the  quantity  of  salt  in 
the  soil.  If  this  precipitate  be  collected,  dried  in  an  oren, 
and  weighed,  every  IQ  mrains  will  indicate  very  nearly  the 
presence  of.  4  grains  of  common  salt.  The  quantity  of 
this  precipitate  to  be  expected,  even  from  a  soil  rich  in 
ooramon  salt,  is,  however,  very  small.  If  half  a  pound  of 
the  dry  soil  yield  a  single  grain  of  salt,  an  acre  should 
contain  about  1000  lbs.  of  salt  where  the  soil  is  12  inehes 
deep^where  it  has  a  depth  of  only  6  inches  it  will  con- 
lain  nearly  500  lbs.  in  every  acre. 

&<».  Ch£fride$  of  Cktleiwm  and  itCg^Tieffttim.— These  eoa^ 
pounds  are  rejected  in  large  quantities  as  a  refuse  in  some 
of  our  chemical  manufactories—and  they  are  contained, 
especially  the  latter,  in  considerable  abundance  in  the  re- 
fuse liquor  of  our  salt  pans.  They  have  both  been  shown 
to  be  useful  to  vegetation  (Appendix,  p.  12),  and  where 
they  are  easily  to  be  obtained,  they  are  deserving  of  further 
triab.  Like  common  salt,  it  is  generally  in  inland  situa- 
tions that  they  are  fitted  to  be  most  useful.  Where  salt 
springs  are  found  in  the  interior  of  Germany,  the  refuse 
obtained  by  boiling  down  the  mother  liquors  after  the 
separation  of  the  salt  has  been  often  applied  with  advan* 
tage  to  the  land. 

Theory  of  ike  aciion  of  ike^t  chlonde$. — Common  salt 
and  the  chlorides  of  calcium  are  not  unfrequently  fi>und 
in  the  sap  of  plants — ^they  may  be  supposed,  therefore,  to 
enter  into  the  roots  without  necessarily  undergoing  any 
pluvious  decomposition..  But  we  hav«  already  seen  (Pait  I. 
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p.  136)  that  the  green  leaves  under  the  influence  of  the  snn. 
have  the  power  of  decomposing  common  aalt — and  no 
doubt  the  other  chlorides  also — and  of  giving  off  their 
chloriue  into  the  surrounding  air.  When  they  have  been 
introduced  into  the  sap  therefore,  by  the  roots,  the  plant 
first  appropriates  so  much  of  the  chlorine  they  contain  as 
is  necessary  for  the  supply  of  its  natural  wants  and  evolves 
the  rest.  When  common  salt  is  thus  decomposed,  soda 
remains  behind  in  the  sap,  and  this  is  either  worked  ap 
into  the  substance  of  the  plant,  or  performs  one  or  other 
of  those  indirect  functions  I  have  already  explained  to  you 
(Pait  III.  p.  47)  when  illustrating  the  probable  action  of  pot- 
ash and  soda  upon  the  vegetable  economy.  When  the  other 
chlorides  (of  calcium  or  magnesium)  are  decomposed, 
lime  or  magnesia  remains  in  the  sap,  and  is  in  like  manner 
either  used  up  directly  in  the  formation  of  the  young  stem 
and  seed,  or  is  employed  indirectly  in  promoting  the 
chemical  changes  that  are  continually  goinv  on  in  the  sap. 
The  living  plant,  when  in  a  healthy  state,  is  probably  en- 
dowed with  the  power  of  admitting  into  its  circulation, 
and  of  then  decomposing  and  retaining  so  much  only  of 
these  several  chlorides,  or  of  their  constituents,  as  is  fitted 
to  enable  its  several  organs  to  perform  their  fiuncdons  in 
the  most  perfect  manner. 

In  the  soil  itself,  in  the  presence  of  organic  matter  of 
animal  and  vegetable  origin,  common  salt  b  fitted  to  pro- 
mote certain  chemical  changes,  such  as  the  production  of 
alcaline  nitrates— and  probably  silicates— by  which  the 
growth  of  various  kinds  of  plants  is  in  a  greater  or  less 
degree  increased.  In  the  soil,  also,  from  their  tendency 
to  deliquesce,  or  run  into  a  liquid,  all  these  chlorides  at- 
tract water  from  the  air,  and  thus  help  to  keep  the  soil  in 
a  moister  state.  When  applied  in  sumcient  quantity  they 
destroy  both  animal  and  vegetable  life,  and  have,  in  con- 
sequence, been  oflen  used  with  advantage  for  the  extirpa- 
tion of  weeds,  and  for  the  destruction  of  grubs  and  other 
vermin  that  infest  the  land. 

90.  PhospkaU  ofhime  and  Earth  of  Banes— The  cattle 
that  grase  in  oor  fields  derive,  as  you  know,  all  the  earthy 
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materials  of  which  certain  parts  of  their  bodies  consist 
from  the  Tegetables  on  which  they  feed.  These  vegeta- 
bles again  must  derive  them  from  the  soil.  Thu^  the 
earth  of  bones,  or  the  phosphoric  acid  and  lime  of  which  it 
consists  (Part  II.  p.  289),  roust  exist  in  the  soil  on  which  nu* 
tritive  plants  grow,  and  it  must  occasionally  occur  that  a  soil 
Mrill  be  deficient  in  these  substances,  and  will,  therefore,  sup- 
ply them  with  difficulty  to  the  crops  it  rears.  The  benefit 
which  in  this  country  is  so  often  experienced  from  the  use 
of  bones  as  a  manure,  has  been  ascribed,  in  pari,  to  the 
supply  of  bone*earth,  with  which  it  enriches  tbe  land.*  It 
is  not,  however,  to  be  inferred  from  this  that  wherever 
bones  are  useful,  the  application  of  bone -earth  alone — in 
the  form  of  burned  bones,  or  of  the  native  phosphate  of 
lime  (Part II.  p.  293), — will  necessarily  prove  advantageous 
also.  Burned  bones  were  formerly  employed  in  England, 
but  the  practice  has  gradually  fallen  into  disuse,  and  the 
same  is,  I  believe,  the  case  in  Germany.  This  is  no  proof, 
however,  that  the  native  phosphate  of  Estremadura — alrea- 
dy, it  is  said,  imported  into  Ireland  for  agricultural  purposes, 
— would  not  benefit  many  soils  if  applied  in  tbe  state  of 
a  sufficiently  fine  powder.  Until  carefully  conducted  ex- 
periments, however,  shall  have  been  made,  and  the  nume- 
rical results  precisely  ascertained,  it  would  be  improper  to 
incur  much  lisk  either  in  bringing  this  substance  to  our 
shores  or  in  applying  it  to  our  fields. 

lO^'.  Silicates  of  potash  and  soda, — These  compounds 
which  have  been  already  described  (Part  II.  p. 304),  are  sup- 
posed to  act  an  important  part  in  the  growth  of  the  grasses, 
and  of  the  corn-bearing  plants,  by  supplying,  in  a  soluble 
state  to  the  roots,  the  silica  which  is  so  necessary  to  the 
strength  of  their  stems.  This  supposition  has  been  strength- 
ened by  the  results  of  some  experiments  made  by  Lampa- 
dius,  who  found  a  solution  of  silicate  of  potash  to  produce  re- 
markable effects  upon  Indian  corn  and  upon  rye.t  It  is 
possible  to  manufacture  them  at  a  cheap  rate,  and  it  would 

*  See  Appendix,  p.  11. 

t  JMnvandm  mmtnKsekM  Dmrngmjuan, p.  8S,  (18g>. 
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be  desirable  to  ascertain  by  further  trials  how  far  the  em- 
ploy ment  of  these  compou  mis,  as  artificial  manures  can  be 
safely  recommended  or  adopted  with  the  hope  of  rema- 
aeration.* 

11<>.  Salts  of  Ammonia, — There  is  reason  to  believe  that 
ammonia  in  every  state  of  combination  is  fitted,  in  a  greater 
or  less  degree,  to  promote  the  growth  of  cultivated  plants. 
None  of  its  compounds,  however,  are  known  to  occur  any 
where  in  nature  in  such  quantity  as  to  bo  directly  available 
m  practical  agriculture,  and  only  a  very  few  can  be  pro- 
duced by  art  at  so  low  a  price  as  to  admit  of  their  being 
used  with  profit. 

a.  Sulpnate  of  tfmfnonia.'-^An  impure  sulphate  is  ma- 
nufactured by  adding  sulphuric  acid  to  fermented  urine, 
or  totheammoniacal  liquor  of  the  gas  works,  and  evaporating 
to  dryness.  When  prepared  from  urine,  it  contains  a  mix- 
ture of  those  phosphates  which  exist  in  urine,  and  which 
ought  to  render  it  more  valuable  as  a  manure.  The  gas 
liquor  yields  a  sulphate  which  is  blackened  by  coal  tar — a 
substance  which,  while  not  injurious  to  vegetation,  is  said 
to  be  noxious  to  the  insects  that  infest  our  corn  fields.  In 
any  of  these  economical  forms  this  salt  has  been  found  to 
promote  vegetation ;  but  accurate  experiments  are  yet 
wanting  to  show  in  what  way  it  acts — whether  in  promot- 
ing the  growth  of  the  green  parts  or  in  filling  the  ear,  or 
in  both— to  what  kind  of  crops  it  may  be  applied  with  the 
greatest  advantage — and  what  amount  of  increase  may  be 
expected  from  the  application  of  a  given  weight  of  the  aalt. 
It  IS  from  the  rigorous  determination  of  such  points  that 
the  practical  farmer  will  be  able  to  deduce  the  soundest 
practical  precepts,  and  at  the  same  time  to  assbt  most  in 
the  advancement  of  theoretical  agriculture. 

The  crystallized  sulphate  of  ammonia  is  soluble  id  its 
own  weight  of  water.  100  lbs.  contain  about  35  lbs.  of 
ammonia,  53  lbs.  of  acid,  and  12  lbs.  of  water.  It  may  be 
applied  at  the  rate  of  from  30  lbs.  to  60  lbs.  per  acre. 

^  I  hftve  been  informed  by  0r.  Playfoir  that  a  nambar  of  cxprnniciiti 
with  a  ■oluble  sUieate  of  soda,  nannfacinred  at  ManchesUr,  hare  thk  aon- 
mer  (I84S)  been  made  at  bii  raggeitioD,  the  resulta  of  which  will,  do  doabli 
prava  vary  iniaaaiuig- 
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h,  8€tl'Amnumiac  or  Muriate  ofAmmtmia.^'Thh  salt,  in 
the  pure  Btate  in  which  it  b  sold  in  the  shops,  is  too  high  in 
price  to  be  economically  employed  by  the  practical  far- 
mer. An  impure  salt  might,  however,  be  prepared  from 
the  gas  liquor,  which  could  be  sold  at  a  sufficiently  cheap 
rate  to  admit  of  an  extensive  application  to  the  land.*  The 
only  numerical  results  from  the  use  of  this  salt  with  which 
I  am  acquainted,  are  those  given  by  Mr.  Fleming,  who 
applied  it  at  the  rate  of  20  lbs.  per  acre  to  wheat  on  a 
heavy  loam,  and  to  winter  rye,  on  a  tilly  clay,  both  after 
potatoes,  and  obtained  the  following  increase  of  produce 
per  acre : — 

Gnin.                           Stnww 
Rye,  undressed,  —  14  bushels.              36^  cwt. 
dressed, 19 43J- 


Increase  -•--.-  5  bushels.  7     cwt. 

Wheat,  undressed,  25  bushels,  each  61  lbs. 
.    dressed,  -  -  26f  bushels,  each  62  Ibsw 

Increase If  bushels. 

The  increase  in  these  experiments  was  not  very  1arge> 
but  the  quantity  of  sal-ammoniac  employed  was  probably 
not  great  enough  to  produce  a  decided  effect.  It  is  a  va- 
luable fact  for  the  farmer,  however,  and  not  uninteresting 
in  a  theoretical  point  of  view,  that  a  part  of  the  same  wheat 
field,  dressed  with  1^  cwt  of  common  salt  per  acre,  gave 
a  produce  qfiO  bushels  of  grain  (see  Appendix,  p.  29.) 

c.  Carbonate  of  Ammonia — is  obtained  in  an  impure 
form  by  the  distillation  of  horns,  hoofs,  and  even  bones.. 
In  this  impure  form  it  is  not  generally  brought  into  the 
market,  but  in  this  state  it  might  possibly  be  afforded  at  so 
low  a  price  as  to  place  it  within  the  reach  of  the  practical 
fermer.    It  is  supposed  by  some  that  this  carbonate  is  too 

*  By  mixing,  ibr  example,  the  waste  muriatic  acid,  or  the  waste  chlo- 
ride of  ealciom,  with  the  gas  liquor,  and  evaporatiiig  the  mixture  to  dry- 
ness. 
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iMilatile-*^r  rues  too  readily  in  ihe  form  of  vapoar^->to  be 
economically  applied  to  ibe  land.  In  the  form  of  a  weak 
flolntion,  however,  put  on  by  a  water  cart»  or  in  moiat 
flbowery  weather  simply  as  a  top-dressing,  especially  to 
grass  lands  and  on  light  soils,  it  may  be  safely  recommend- 
ed where  it  can  be  cheaply  procured. 

d,  Amnumiacal  Liquor, — This  is  proved  by  the  success 
which  has  in  many  localities  been  found  to  attend  the  ap- 
plication of  the  ammoniacal  liquor  of  the  gas  works.  This 
liquid  holds  in  solution  a  variable  quantity  of  sulphate  of 
ammonia  and  of  sal-ammoniac,*  but  in  general  it  is  richest 
in  the  carbonate  of  ammonia. 

The  strength  of  the  liquor  varies  in  different  gas  works  ; 
chiefly  according  to  the  kind  of  coal  employed  for  the  ma- 
nufacture of  the  gas.  One  hundred  gallons  may  contain 
from  20  lbs.  to  40  lbs.  of  ammonia,  in  one  or  other  of  the 
above  states  of  combination.  No  precise  rule,  therefore, 
can  be  given  for  the  quantity  which  ought  to  be  applied  to 
the  acre  of  land,  but  as  the  application  of  a  larger  quan- 
tity can  do  no  harm,  provided  it  be  sufficiently  diluted 
with  water,  one  hundred  gallons  may  be  safely  put  on  at 
first,  and  more  if  experience  should  ailerwards  prove  it  to 
be  useful. 

On  grass  and  clover,  upon  a  heavy  moist  loam,  Mr. 
Bishop  applied  105  gallons  an  acre,  diluted  with  500  gal- 
lens  of  water,  and  obtained,  of  hay,  from  the 

Undressed,    ^  lb.  per  square  yard,  or  20}  cwt.  per  acre. 

Dressed,      l|lb or  61^  cwt.      .  .  . 

Increase,     1    lb or  41    cwt.t    .  .  . 

The  increase  here  is  so  very  gpreat  that  further  trials 
with  this  liquor — hitherto,  in  most  country  towns  at  least, 
allowed  to  run  to  waste — cannot  be  too  strongly  recom- 
mended. On  the  dressed  part,  according  to  Mr.  Bishop, 
the  Timothy  grass  was  particularly  luxuriant. 

These  experiments  with  the  gas  liquor  show,  as  I  have 

*  Each  galkm  of  the  ammoniacal  liquor  of  the  Mancheater  gas  w«»ki 
iB,aai4  to  contain  2  ounces  of  Sfd-Ajmmimiac,  In  these  vrarin  the  Caanel 
oeal  of  Wisan  is  employed. 

T  rrixe  Ettayt  qflhe  Highland  Society^  ziv.,  p.  359. 
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I,  that  impure  carbonate  of  ammonia  may  be  safelj'i^ 
plied  to  the  land  without  any  preyious  preparation.  If  it 
IS  wished,  however,  to  fix  it  or  to  render  it  less  volatile-** 
which  in  warm  and  dry  seasons  may  sometimes  be  de- 
sirable— this  may  be  effected  by  mixing  it  with  powdened 
g^ypsnm,  in  the  proportion  of  1  lb.  to  each  gallon  of  the 
ammoniacal  liquor,  or  by  adding  directly  sulphuric  acid, 
or  the  waste  muriatic  acid  of  the  alcali  woriu.* 

e.  Nitrate  of  Ammonia. — If  it  be  correct  that  those 
substances  act  most  powerfully^  as  manures  which  a» 
capable  of  yielding  the  largest*  quantity  of  nitrogen  to 
plants,  the  nitrate  of  ammonia  ought  to  promote  vegeta- 
tion in  a  greater  degree  than  almost, any  other  saline  sub- 
stance  we  could  employ.  According  to  the  experiments 
of  Sir  H.  Davy,f  however,  this  does  not  appear  to  be  the 
case,  though  Sprengel  has  found  it  more  etncacious  than 
the  nitrates  eiUier  of  potash  or  of  soda.  This  question  aa 
to  the  relative  action  of  the  nitrate  of  ammonia  is  very 
interesting  theoretically,  but  it  directly  concerns  practical 
agriculture  very  little,  since  the  high  price  of  this  salt  is 
likely  to  prevent  its  being  ever  employed  in  the  ordinary 
operations  of  husbandry. 

f.  Special  action  of  the  different  Salts  of  Ammonia,^^ 
The  theory  of  the  action  of  ammonia  itself  upon  vegetation 
I  have  in  a  former  lecture  (Part  I.  p.  247)  endeavoured  to 
explain  to  you.  But  the  special  action  of  the  several 
ealine  compounds  of  ammonia  above '>i]escri  bed,  will  depend 
upon  the  qualities  of  the  acid  with  which  it  may  be  in 
combination. 

The  etdphate  will  partake  of  the  action  of  the  sulphates 
of  potash,  soda,  or  lime  (gypsum), — ^in  so  far  as  it  may  be 
expected  to  exhibit  a  more  marked  efiect  upon  the  legu- 
minous than  upon  the  com  crops,  and  upon  the  produce 
of  grain  than  on  the  growth  of  the  leaves  and  the  stem. 
This  special  action  may  be  anticipated  from  the  sulphuric 
acid  it  contains.     And  if  this  reasoning  from  analogy  be 

*  100  mlloiifl  thus  ratitntod  with  acid  will  convey  to  the  soil  <Aout  100 
Ibt.  of  sulphate  of  ammonia  or  of  mi-ammoniac, 
t  Davy  s  AgricuUural  Chemigtry,  Lecture  VH. 
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correct,  we  should  expect  the  sulphate  of  ammonia  to  rink 
among  the  most  useful  of  maoures — since  the  one  con* 
stituent  f  ammonia)  will  promote  the  general  growth  of  the 
plant,  wnile  the  other  will  expend  its  influence  more  in 
the  filling  of  the  ear. 

The  nitrate  again  has  been  found  to  act  more  upon  the 
crops  of  com  than  upon  the  leguminous  plants  and  cloven 
(Spreogel) — a  sesult  which  is  to  be  explained  by  the  ab- 
sence of  sulphnric  acid,  which  appears  to  aid  especially 
in  the  development  of  the  latter  class  of  plants. 

On  this  subject,  however,  experiments  are  too  limited 
in  number,  in  general  too  inaccurately  made,  and  our  in- 
formation in  consequence  too  scanty  to  enable  us  as  yet  to 
arrive  at  satisfactory  conclusions. 

12o.  Mixed  Saline  Manures, — The  principle  already  so 
frequently  illustrated,  that  plants  require  ror  their  rapid 
and  perfect  development  a  sufficient  supply  of  a  con- 
siderable number  of  different  inorganic  substances,  will 
naturally  suggest  to  you  that  in  our  endeavours  to  render 
a  soil  productive,  or  to  increase  its  fertility,  we  are  more 
likely  to  succeed  if  wo  add  to  it  a  mixture  of  several  of 
those  substances,  than  if  we  dress  it  or  mix  it  up  with  one 
of  them  only.  Thb  theoretical  conclusion  is  confirmed 
by  universal  experience. 

Nearly  all  the  natural  manures,  whether  animal  or  vege- 
table, which  are  applied  to  the  land,  contain  a  mixture  of 
saline  substances,  each  of  which  exercises  its  special  effect 
upon  the  after«crop — so  that  the  final  increase  of  produce 
obtaiDed  by  the  aid  of  these  manures,  must  be  ascribed 
not  to  the  single  action  of  one  of  their  constituents,  but  to 
the  joint  action  of  all.  An  important  practical  problem, 
therefore,  propounded  by  scientific  agriculture  in  its  pre- 
sent state  IS— -what  mixtures  of  saline  substances  are  most 
likely  to  be  generally  useful,  what  others  specially  useful 
to  this  or  to  that  crop  1  The  complete  solution  of  this  problem 
will  require  the  joint  aid  of  chemical  theory  and  of  agri- 
cultural experiment, — of  experiments  often  varied  and 
probably  long  continued.  But  that  we  may  finally  expect 
to  solve  it,  will  appear  from  what  has  already  been  accu- 
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rately  observed  in  regard  to  the  effect  of  certain  artificial 
mixtares  upon  some  of  our  cultivated  crops.     Thus— 

a.  Mixture  of  Nitrate  with  Sulphate  of  Soda, — If,  in- 
stead of  dressing  young  potatoes  with  nitrate  or  with  sul- 
phate of  soda  alone  (Part  III.  p.  45),  we  employ  a  mix- 
ture of  the  two»  the  growth  of  the  plant  is  much  more  pro- 
moted and  the  crop  of  potatoes  much  more  largely  in- 
creased. Thus  Mr.  Fleming  (in  1841)  applied  to  his  po- 
tato crop  a  mixture  of  equal  weights  of  nitrate  and  of  diy 
sulphate  of  soda  in  the  proportion  of  200  lbs.  of  the  mixture  to 
the  imperial  acre,  with  the  following  remarkable  result:— 

Undressed,  -  -  -     66  bolls,  each  5  cwt.,  per  acre. 
Dressed,  -  -  -  -  107  bolls. 

Increase,  -  -  -     41  bolls,*  or  10  tons  per  acre ! 

The  stems  also  were  six  and  seven  feet  high.  The  ad- 
dition of  nitrate  of  soda  to  a  portion  of  the  same  field  gave 
a  produce  of  only  80  bolls.  Similar  effects,  of  which, 
however,  I  have  not  yet  obtained  the  numerical  results, 
have  been  observed  on  the  same  crop  in  various  localities 
during  the  present  season  (1842). 

The  effect  of  this  one  artificial  mixture  holds  oat  the 
promise  of  much  good  hereafter  to  be  obtained  by  die 
judicious  trial  of  other  mixtures — ^probably  of  a  greater 
number  of  substances — upon  all  the  crops  we  are  in  die 
habit  of  raising  for  food. 

b.  Wood  ashes. — This  opinion  is  strengthened  by  the 
effects  which  have  almost  universally  been  found  to  follow 
the  use  of  wood  ashes  and  of  the  ash  of  other  vegetables 
in  the  cultivation  of  the  land. 

The  quality  of  the  ash  left  byplants  when  burned  varies  as 
we  have  already  had  occasion  to  remark  (Part  II.  p.  829)  with 
a  variety  of  circumstances.  It  always  consists,  however,  of 
a  mixture  in  variable  proportions  of  carbonates,  silicates, 
sulphates,  and  phosphates  of  potash,  soda,  lime,  and  mag- 
nesia, with  certain  other  substances  present  in  smaller 
quantity,  yet  more  or  less  necessary,  it  may  be  presumed, 
')  vegetable  growth.     Thus  according  to  Sprengel  the 

*  See  Appendix,  p.  38. 
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ash  of  the  red  beech,  the  oak,  and  the  Scotch  fir  {pmiu  syl- 
vestfis)  consists  c^ 


■  ■II 

Silica    .... 

RedBMcli. 

Oak. 

Scotch  Fir. 

Pitch  Plus. 
(BertUer.) 

552 

29-95 

6*59 

7-50 

Alumina     -    .    . 

233) 

Oxide  of  Iron  -    . 

877  > 

614 

1703 

1110 

Oxide  of  Manganese 

385S 

2-75 

Lime     .... 

25<X) 

17-88 

2318 

13^ 

Magnesia   .    -    - 

5*00 

1-44 

502 

435 

Potash  .... 

2211 

16-20 

2-20 

1410 

Soda      .... 

3-32 

673 

2-22 

20-75 

Sulphuric  Acid    - 

7« 

3-36 

2-23 

3-45 

Phosphoric  Acid  - 

5^2 

1-92 

275 

OW 

Chlorine     .    .    - 

1-84 

2-41 

230 

Carbonic  Acid 

14O0 

1547 

36*48 

17-50 

l(k) 

100 

100 

96-0 

The  composition  of  these  different  kinds  of  ash  is  very 
unlike — ^that  of  the  pitch  pine  for  example  being  greatly 
richer  in  potash  and  soda,  and  poorer  in  lime  and  phos- 
phoric acid,  than  that  of  the  Scotch  fir — while  the  beech 
18  richer  than  any  of  the  others  in  potash  and  lime  and  in 
the  sulphuric  and  phosphoric  acids.  The  several  effects 
of  different  kinds  of  wood  ashes  when  applied  to  the  land 
will  therefore  be  different  also. 

In  this  country  wood  ashes  are  largely  employed  in 
many  districts,  mixed  with  bone  dust,  as  a  manure  for  tur- 
nips, and  often  with  great  success.  As  much  as  15  bushels 
(7^  cwt.)  of  ashea  are  drilled  in  per  acre  with  15  bushels 
(G  cwt.)  of  bones.  The  large  quantity  of  alcali  present  in 
the  turnip  crop  (Part  II.  p.  322)  maybe  supposed  to  explain 
the  good  effects  which  wood  ashes  have  upon  it,  and  may 
lead  us  to  expect  that  they  wt>uld  in  a  similar  degree  in- 
crease the  produce  of  the  carrot  and  of  the  potato.* 

*  This  inferonce  has  been  verified  by  Mr.  Wharton,  of  Drybnm,  who  has 
obtained  an  excellent  crop  of  potatoes  from  newly  plonghed  out  land  by 
manuring  with  wood  anhes  only. 
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The  immediate  hene^  of  wood  asb  is  said  to  be  most 
perceptible  upon  leguminous  plants  (Sprengel)  such  as 
lucerne,  clover,  peas,  beans,  and  vetches.  As  a  top  dress- 
ing to  grass  lands  it  roots  out  the  moss  and  promotes  the 
erowth  of  white  clover.  Upon  red  clover  its  effects  will 
be  nu>re  certain  if  previously  mixed  with  one-fourth  of  its 
weight  of  gypsum.  In  small  doses  of  two-  or  three  hundred 
weight  (4  to  6  bushels)  it  may  be  safely  applied  even  to 
poor  and  thin  sdils,  but  in  large  and  repeated  doses  its 
effects  will  be  too  exhausting  unless  the  soil  be  either  na- 
turally rich  in  vegetable  matter,  or  be  mixed  from  year  to 
year  with  a  sufficient  quantity  of  animal  or  vegetable  ma- 
nure. 

Tn  so  far  as  the  immediate  effect  of  wood  ashes  is  depen- 
dent upon  the  soluble  saline  matter  they  contain,  their 
effect  may  be  immediate  by  a  mixture  of  crude  potash  with 
carbonate  and  sulphate  of  soda,  and  a  little  common  salt. 
The  wood  ash  of  this  country  contains  only  about  one-fif- 
teenth of  its  weight  of  soluble  matter  (Bishop  Watson),  so 
that  the  following  quantity  of  such  a  mixture  would  be 
nearly  equal  in  efficacy  to  the  saline  matter  of  one  ton  of 
wood  ash. 

Crude  Potash 60  lbs.  at  a  cost  of  15s. 

Grystalized  Carbonate  of  Soda  60 7s. 

Sulphate  of  Soda        20---)  « 

Common  Salt  20--- J '^®' 

160  lbs.  24s. 

Where  the  wood  ash  costs  only  a  shilling  a  bushel  (or 
£2  a  ton),  it  would  obviously  be  more  economical  to  em- 
ploy this  mixture,  were  the  efficacy  of  wood  ashes  depen- 
dent solely  upon  the  soluble  saline  matter  they  are  capa- 
ble of  yielding  on  the  first  washing  with  water.  But  they 
contain  also  a  greater  or  less  quantity  of  imperfectly 
burned  carbonaceous  matter,  the  effect  of  which  upon 
vegetation  cannot  be  precisely  estimated,  and  a  large 
proportion — nine-tenths,  perhaps,  of  their  whole  weight— ^ 
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of  insoluble  carbonates,  silicates,  and  phosphates  of  potash, 
lime,  and  magnesia,  which  are  known  more  pemumemUy 
to  influence  the  fertility  of  the  land  to  which  they  are  ap- 
plied.* 

e.  Wanked  or  lixknated  wood  a9hes.^^ln  countries  where 
wood  ashes  are  washed  for  the  manufactare  of  the  pot  and 
pearl  ash  of  commerce  (Partll.  p.  274),  thisinsolnble  portioD 
collects  in  large  quantities.  It  is  also  present  in  the  refuse 
of  the  soap  makers,  where  wood  ash  is  employed  for  the 
manufacture  of  soft  soap.  The  composition  of  this  hath 
luble  matter  varies  very  much,  not  only  with  the  kind  of 


*  Some  duciuflion  has  lately  arisen  in  America  {SiBiman*9  Jourmd,  iIb. 
p.  165,  and  zliii.  p.  80),  in  regard  to  the  fact,  in  itself  sufficiently  in- 
teresting, that  wood  ashes,  when  thrown  together  in  heape,  not  nnfire- 
guently  take  fire,  becoming  red  hot  thronffhout  their  whole  maaa,  aad  imm 
tmes  occasioning  serious  accidents.  Such  ashes  always  contain  a  ooBiitity 
of  minutely  divided  carbonaceous  matter,  which,  like  the  impalpable  char- 
coal powder  of  the  gunpowder  manufactories,  may  have  the  pn^rty  of  ab- 
sorbing much  air  into  its  pores,  and  of  thus  undeigoing  a  apontaneoaa  eleva- 
tion 01  te^^)erature.  I  throw  it  out,  however,  as  a  more  probable  eoojer- 
ture,  that  d  uring  the  combustion  of  the  wood  a  portion  of  the  potash  baa  hieen 
decompoeed  by  the  charcoal,  and  converted  intopotasdom {potaah mwrist 
ing  of  potassium  and  oxygen.  Part  11.  p.  276).  When  exposed  to  the  air  and 
to  moisture  this  potassium  gradually  absorbs  oxygen  and  spontaneooEly 
bums,  again  forming  potash.  That  such  a  decomposition  may  take  place 
where  wood  or  other  vegetable  matter  is  burned  with  little  access  of  air  will 
readily  be  granted,  but  it  is  not  so  obvious  that  it  can  take  place  in  an  open 
fire.  But  even  in  an  open  fire,  or  in  an  open  capsule,  particles  of  potasnum 
may  remain  in  the  pores  of  the  nnbumed  charcoal,  or  more  freauendy  may 
be  covered  over  with  a  glaze  of  melted  potash,  by  which  furtner  combos- 
tion  will  be  prevented.  That  this  really  does  happen  any  one  mvac  have 
■atlBfied  himself  who  has  been  in  the  habit  of  bummg  vegetable  sobetanoes 
for  the  purpose  of  determining  the  proportion  of  ash  they  leave.  The  giase 
of  melted  ucaline  matter  often  renders  the  complete  combustion  a  very  dif- 
ficult and  tedious  matter.  That  potassium  is  formed  during  this  process  b 
rendered  further  probable  by  the  observation  that  the  quantity  of  pdash 
obtained  from  wood  or  other  vegetable  ash  is  less  when  the  wood  haa  been 
burned  at  aliigh  than  at  a  low  temperature.  The  potassium,  which  is  TXh 
latile,  may  have  been  dissipated  in  vapour. 

It  is  probable  that  a  spontaneous  combustion  sfanilar  to  that  observed  in 
America  may  occaskmfttly  take  place  In  the  heaps  of  ashes  left  to  eiaud 
upon  our  fields  after  paring  and  burning — and  hence  probably  has  aiiaen  the 
practical  rule,  to  spread  the  ashes  as  soon  as  possible  aifter  the  bniniiw  is  &i- 
ished.  If  allowed  to  remain  they  are  ssid  "to  iake  hold  of  tke  lamm^"  sod 
when  it  is  of  clay,  to  bum  it  into  brick,  A&  instance  of  soch  combustion 
is  mentioned  as  having  occurred  at  Chatteris,  in  the  Isle  of  Ely,  where  an 
entire  common  was  burned  16  or  18  niches  deep,  down  to  the  Tery  gmveL 
^-Q99  Bntmk  eMmidry.  U^  p.  360. 
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wood  from  which  the  ash  is  made,  bnt  also  with  the  tern- 
perature  it  is  allowed  to  attain  in  barning.  The  former 
fact  is  illustrated  by  the  following  analyses  made  by  Ber- 
thier,  of  the  insoluble  matter  left  by  the  ash  of  five  differ- 
ent species  of  wood  carefully  burned  by  himself: — 


Silica  - 
Lime  - 


Oxide  of  Iron     .    - 
Oxide  of  Manganese 
Phosphoric  Acid 
Carbonic  Acid    -    - 
Carbon     .    .    .    . 


Oak. 


3-8 

54-8 

0-6 


0-8 
39-6 


9M   100 


Lime. 


2-0 
51-8 
»2 
01 
0-6 
2-8 
89-8 


Birch. 

Pitch 

Pine. 

Scoteb 
Fir. 

Bocch. 

5-5 

ISfO 

4-6 

5-8 

522 

272 

42-3 

42^ 

30 

87 

105 

70 

05 

22*3 

01 

1-5 

3-5 

55 

04 

45 

43 

1-8 

10 

5-7 

310 

21.5 

860 

329 

4-8 

— 

100 

100 

097 

100 

The  numbers  in  these  several  columns  differ  very  much 
from  each  other,  but  the  constitution  of  the  insoluble  part 
of  the  ash  he  obtained  probably  differed  in  every  case  from 
that  which  would  have  been  left  by  the  ash  of  the  same 
wood  burned  on  the  large  scale,  and  in  the  open  air.  This 
is  to  be  inferred  from  the  total  absence  of  potash  and  soda 
in  the  lixiviated  ash — while  it  is  well  known  that  common 
lixiviated  wood  ash.  contains  a  notable  quantity  of  both. 
This  arises  from,  the  higb  temperature  at  which  wood  is 
commonly  burned,  causing  a  greater  or  less  portion  of  the 
potash  and  soda  to  combine  with  the  silica,  and.  to  form 
insoluble  silicates  which  remain  behind  along  with,  the  lime 
and  other  earthy  matter,  when  the  aslj  is  washed  with  water. 
It  is  to  these  silicates  as  well  as  to  the  large  quantity  of 
lime,  magnesia,  and  phosphoric  acid  it  contains,  that  com- 
mon wood-ash  owes  the  more  permanent  effects  upon  the 
land,  which  it  is  known  to  have  produced.  When  the 
rains  have  washed  out  or  the  crops  carried  off  the  more 
soluble  part  from  the  soil,  these  insoluble  compounds  still 
remain  to  exercise  a  more  slow  and  enduring  influence 
upon  the  after-produce. 
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Still  from  the  absence  of  this  soluble  portion,  the  action 
of  lixiviated  wood-ash  is  not  so  apparent  and  energetic, 
and  it  may  therefore  be  safely  added  to  the  land  in  much 
larger  quantity.  Applied  at  the  rate  of  two  tons  an  acre, 
its  offsets  have  been  observed  to  continue  for  15  or  20 
years.  It  is  most  beneficial  upon  clay  soils,  and  is  said  es- 
pecially to  promote  the  growth  of  oats. 

I  am  not  aware  that  in  any  part  of  the  British  Islands 
this  refuse  ash  is  to  be  obtained  in  large  quantity,  but  in 
North  America  much  of  it  is  thrown  away  as  waste,  which 
might  be  advantageously  restored  to  the  land  on  which  the 
wood  had  ^rown. 

d,  Kdp  is  the  name  giren  in  this  country*  to  the  ash 
left  by  marine  plants  when  burned.  It  used  to  be  exten- 
sively prepared  in  the  Western  Islands,  but  the  low  price 
at  which  carbonate  of  soda  can  now  be  manufactured  has 
so  reduced  the  price  and  the  demand  for  kelp  as  almost  to 
drive  it  from  the  market.  As  a  natural  mixture,  however, 
which  can  now  be  obtained  at  a  cheap  rate  (about  ^3  a 
ton),  and  which  has  been  proved  to  be  usefol  to  vegeta- 
tion in  a  high  degree,t  it  is  very  desirable  that  aceuzate 
experiments  should  be  instituted  with  the  view  of  deter- 
mining the  precise  extenfof  its  action,  as  well  as  the  crops 
and  soils  to  which  it  can  be  most  advantageously  and  most 
economically  app^d. 

Like  wood  ashes,  kelp  Taries  in  composition  with  the 
species  and  age  of  the  marine  plants  (sea  weeds),  £nom 
which  it  is  prepared,  and  like  them  also  it  consists  of  a 
soluble  and  insoluble  portion.  Two  samples  from  dfileivnt 
localities  in  the  Isle  of  Sky,  analyzed  by  Dr.  Ure,|  con- 
eisted  of— 

*  In  Brittany  and  Normandy  it  h  called  vaf9e,  while  diat  oTSpate  w 
known  by  the  name  otbariUa, 
t  prize  E»»ay»  of  ike  Highland  Society^  Tol.  1  and  4. 
t  DicHonaty  of  AtU  and  MoMnfitbufeiy  p.  7S6. 
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Carbonate  of  Soda  with  Sulpharet  > 

of  Sodium        ^ 

Sulphate  of  Soda      .     -    -    . 
Common  Salt       -    -    .    .    .      ) 
Chloride  of  Potaasium  •    •»    .      ^ 

INSOLUBLE  PORTION. 

Carbonate  of  Lime    -    -    .    - 

Silica - 

Alumina  and  Oxide  of  Iron     . 
Gyneum     ------- 

Sulphur  and  loss  -    -    -    -    . 

H«iak«r. 

Rom. 

Nonnuidy 
GayLoMftc 

8-5 

SO 

36-5 

5-5 
190 
87-5 

i  5?0 

\   250 

530 

240 
8-0 
90 

6^ 

620 

100 

10-0 
95 

85 

^^^^ 

100 

100 

Besides  these  constituents^  however,  the  soluble  portion 
contains  iodide  of  potassium  or  sodium  in  variable  quantity, 
and  the  insoluble  more  or  less  of  potash  and  soda  in  the 
state  of  silicates. 

Kelp  may  be  applied  to  the  land  in  nearly  the  same 
circumstances  as  wood-ash — but  for  this  purpose  it  woald 
probably  be  better  to  bum  the  sea-weed  at  a  lower  tem- 
perature than  is  usually  employed.  By  this  means,  being 
prevented  from  meltinff,  it  would  be  obtained  at  once  in 
the  state  of  a  fine  powder,  and  would  be  richer  in  potash 
and  soda. 

It  might  lead  to  important  results  of  a  practical  nature^ 
were  a  series  of  precise  experiments  made  with  this  finely 
divided  kelp  as  a  manuret— especially  in  inland  situations 
— for  though  the  variable  proportion  of  its  constituents  will 
always  cause  a  degree  of  uncertainty  in  regard  to  the 
action  of  the  ash  of  marine  plants — yet  if  the  quantity  of 
chloride  of  potassium  it  contains  be  on  an  average  nearly 
as  great  as  is  stated  above  in  the  analysis  of  Gay  Lussac — 


t  For  tome  other  raffgettioDB  on  this  subject,  I  beg  to  refer  the  reader  to 
the  jPme£tfay«  and  ^mumctUnu  of  ike  HtjghiandaSdAgricuUurdlSocietyf 
ziv.,  p.  506. 
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kelp  will  really  be  the  cheapest  form  in  which  we  can  at 
present  apply  potash  to  the  land. 

e.  Straw  Ashes. — The  ashes  obtained  by  burning  the 
straw  of  oats,  barley,  wheat,  and  rye,  contain  a  natural 
mixture  of  saline  substances,  which  is  exceedingly  valua- 
ble as  a  manure  to  almost  every  crop.  The  proportion  of 
the  several  constituents  of  this  mixture,  however,  is  dif- 
ferent, according  as  the  one  or  the  other  kind  of  straw  is 
burned.  Thus,  100  parts  of  each  variety  of  ash — in  the 
samples  analyzed  by  Sprengel* — consisted  of — 


Potash    -    -    -    - 

Oats. 

Bariej. 

Wheat. 

Rja. 

K.p^ 

1&2 

3-4 

0^ 

1-2 

188 

Soda      .    .    -    . 

trace. 

0-9 

0« 

0-4 

11-2 

Lime      -    -    -    - 

26 

10*5 

6-8 

6-4 

16-9 

Magoesia    .    -    - 

04 

1-4 

0^ 

0-4 

31 

Silica     -    -    -    - 

800 

78-5 

81*6 

82-2 

2-1 

Alamina-    -    -    - 

01 

28) 

Oxide  of  Iron   -    - 

trace. 

0*2  > 

2-6 

0-9 

2-3 

Oxide  of  MsD^anese 
Phosphoric  Acid    - 
Sttlpnnric  Acid 

trace. 

0-3  5 

0^ 

3-5 

4-8 

1-8 

9-9 

1-4 

2^ 

1-0 

61 

13-3 

Chlorine      ... 

01 

1-3 

0-9 

iye 

11-4 

Carbonic  Acid  .    - 

1 

— 

— 

^mi^ 

— 

11-0 

100 

100 

100 

100 

100 

The  most  striking  differences  in  the  above  table  are  the 
comparatively  large  quantity  of  potash  in  the  oat  straw — 
of  lime  in  that  of  barley — of  phosphoric  acid  in  that  of 
wheat^of  sulphuric  acid  in  that  of  rye — and  of  all  the 
saline  substances  in  rape  straw.  These  differences  are 
not  to  be  considered  as  constant,  nor  will  the  numbers  in 
any  of  the  above  columns  represent  correctly  the  compo- 
sition of  the  ash  of  any  variety  of  straw  we  may  happen 
to  bum  (Part  II.,  p.  329),  but  they  may  be  safely  depended 
upon  as  showing  the  general  composition  of  such  ashesy  as 
well  as  the  general  differences  wnich  may  be  expected  to 
prevail  among  them. 


*  Sprengvl,  Ckemie  II. 
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That  such  ashes  should  prove  useful  to  yegetation  mi^ 
be  inferred  uot  only  from  their  containing  many  salme 
substances  which  are  known  to  act  beneficially  when  ap* 
plied  to  the  land,  but  from  the  fact  that  they  have  actually 
been  obtained  from  vegetable  substances.  If  inorganic 
matter  be  necessary  to  the  growth  of  wheat,  then  surely 
the  mixture  of  such  matters  contained  in  the  ash  of  wheat 
straw  is  more  Hkejy  than  any  other  we  can  apply  to  pro- 
mote the  growth  of  the  young  wheat  plant.  A  question 
might  even  be  raised  whether  or  not  in  some  soils,  rich  in 
vegetable  matter,  the  ash  alone  would  not  prodace  as 
visible  an  effect  upon  the  coming  crop^  as  the  direct  appli- 
cation of  the  straw,  either  in  the  dry  state,  or  in  the  form 
of  rotted  farm-yard  manure.  And  this  question  would 
seem  to  be  answered  in  the  affirmative,  by  the  result  of 
many  trials  of  straw  ashes,  which  have  been  made  in  Lin- 
colnshire. In  this  county  the  ash  of  five  tons  of  straw  has 
been  found  superior  in  efficacy  to  ten  tons  of  farm-yard 
manure.*  This  is  perfectly  consistent  with  theory,  yet  as 
vegetable  matter  appears  really  essential  to  a  fertile  soil^ 
and  as  the  quantity  of  this  vegetable  matter  is  lessened  in 
some  degree  by  every  com  crop  we  raise,  it  cannot  be 
good  husbandry  to  manure  for  a  succession  of  rotations 
with  saline  substances  only.  The  richest  soil  by  this  pro- 
cedure must  ultimately  be  exhausted.  On  the  other  hand, 
where  much  vegetable  matter  exists,  and  especially  what 
is  usually  called  inert  vegetable  matter,  it  may  be  an  evi- 
dence of  great  skill  in  the  practical  farmer  to  appiy.^  a 
time,  the  ashes  only,  of  his  straw-^or  some  other  saline 
mixture  to  his  land. 

The  practice  of  burning  the  stubble  on  a  windy  day  ha$ 
been  found  in  the  East  Riding  of  Yorkshire,  to  produce 
better  clover,  and  to  cause  a  larger  return  of  wheatt — for 
this  purpose,  however,  the  stubble  must  be  lefl  of  con- 
siderable length.  ]n  Germany,  rape  straw — which  the 
above  table  shows  to  be  so  rich  in  saline  and  earthy  matter, 
and,  therefore,  exhausting  to  the  land — is  spread  ov<er  the 
field  and  burned  in  a  similar  manner.     The  destruction  of 

*  Swrvev  of  LmcotnaUre,  p.  304,  aaoted  in  Britiflh  Htif bandry,  II.,  p.  334. 
t  JMM  HiMteiuiry,  IL,  p.  333. 
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weeds  and  insects  which  attends  this  practice,  is  mentioned 
as  one  of  its  collateral  advantages.* 

In  the  United  States,  where,  according  to  Captain  Bar- 
clay, the  straw  is  burned  merely  in  order  that  it  may  be 
got  rid  ofyt  it  would  cost  little  labour  to  apply  the  ash  to 
the  soil  from  which  the  straw  was  reaped,  while  it  would 
ceitainly  enlarge  the  future  produce — and  in  Little  Russia 
where  from  the  absence  of  wood  the  straw  is  universally 
burned  for  fuel,  and  the  ashes  afterwards  consigned  to  the 
nearest  river,  the  same  practice  might  be  beneficially 
adopted.  However  fertile,  and  apparently  inexhaustible, 
the  soils  in  these  countries  may  appear,  the  time  mast 
come  when  the  present  mode  of  treatment  will  have  more 
or  less  exhausted  their  productive  powers. 

It  is  not  advisable  as  I  have  already  said,  wholly  to  sub- 
stitute the  ash  for  the  straw  in  ordinary  soils,  or  in  any 
soils  for  a  length  of  time,  yet  that  it  may  be  partially  so 
substituted  with  good  effect — or  that  straw  ashes  will 
alone  give  a  large  increase  of  the  com  crop,  and  therefore 
should  never  be  wasted — is  shown  by  the  following  com- 
parative experiments,  conducted,  as  such  experiments 
should  be,  auring  an  entire  rotation  of  four  years.  The 
quantity  of  manure  applied,  and  the  produce  per  imperial 
acre  were  as  follows  : — 


15  cwt.  bftiky  ctr&w 

•  toM  stebkaoBfla 

ttou  of  i«UM  d«s. 

NoMftBurs. 

burned  oo  iha 

tha  ttrmir 

cigbi  inaatlM 

lo.  Turnips 

(Toaad. 

ttatt. 

dd. 

-^^  lbs. 

6|  cwt. 

181  cwt. 

161  cwt. 

2o.  Barley 

14|  buflb. 

30i  busb. 

301  bush. 

361  bush. 

80.  Clover 

8  cwt 

IS  cwt 

20  cwt 

21  cwt 

40.  Oats 

fi2  busb. 

18  busb. 

38  bosh. 

40  bush.      1 

The  kind  of  soil  on  which  this  experiment  was  made  is 
not  stated.f  but  it  appears  to  show,  as  we  sfaould  expect, 
that  the  effects  of  straw  ash  are  particularly  exerted  ir 
promoting  the  growth  of  the  com  plants  and  grasses 
which  contain  much  siliceous  matter  in  their  stems— in 


*  8MDmI,wLalfV«aM  XMHtfo*,  p.  366. 
t  AgruMltmlTiMrintUImiiedSta^ 
I  JMMftA(f6«N4fryU.,ii.SI8. 
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short,  of  plants  similar  to  those  from  which  the  ash  haa 
been  deriyed. 

Theory  of  ike  action  of  strato  ash. — That  it  should  espe- 
cially promote  the  growth  of  sach  plants  appears  most 
natural  if  we  consider  only  the  source  from  which  it  has 
been  obtained,  but  it  is  fully  explained  by  a  further  chemi- 
cal examination  of  the  ash  itself.  The  soluble  matter  of 
wood  ash  in  general  contains  but  a  small  quantity  of  silica— » 
while  that  part  of  the  straw  ash  which  is  taken  up  by 
water  contains  very  much.  Thus  a  wheat  ash  analyzed 
by  Berthier  contained  of 

PB»  CBNT. 

Soluble  salts 19 

Insoluble  matter         -        -        -        -    81 

100 
and  that  which  was  dissolved  by  water  consisted  of 

PSK  CSMT. 

Silica 35 

Chlorine 13 

Potash  and  soda      .        -        -        -  50 

Sulphuric  acid 2 

100 

so  that  it  was  a  mixture  of  soluble  silicates  and  chlorides 
with  a  little  sulphate  of  potash  and  soda.  These  soluble 
silicates  will  find  an  easy  admission  into  the  roots  of  plants,, 
and  will  readily  supply  to  the  young  stems  of  the  corn 
plants  and  grasses  the  silica  which  is  indispensable  to 
their  healthy  growth. 

f  Turf  or  peat  ashes,  obtained  by  the  burning  of  peat  of 
various  qualities,  are  also  applied  with  advantage  to  the 
land  in  many  districts.  They  consist  of  a  mixture  in 
which  gypsum  is  usually  the  predominating  useful  ingre* 
dient — the  alcaline  salts  being  present  in  very  small  pro- 
portion. Of  ashes  of  this  kind  those  made  in  Holland^ 
and  generally  distinguished  by  the  name  of  Dutch  ashes, 
are  best  known,  and  have  been  most  frequently  analyzed. 
The  foilawing  table  exhibits  the  composition  of  some  va- 
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fietiea  of  ashes  fix>m  the  peat  of  Holland  and  fironi  the 
heath  of  Lunebarg^  examined  by  Sprengel : — 


,    DntcliasliOT,  (imj.) 

LMMbvf  AalMa,  jwiiSirti; 

1    B«st 

loftrior 

Want 

GMd 

rredwi«fUul»    \ 

qvality. 

quality. 

qualiljr. 

qiMlitj. 

31-7 

aflfafl 

Silica 

:  471 

55-9 

70-4 

433         i 

Alumina     • 

4-5 

3-5 

41 

5-1 

9-7         ' 

Oxide  of  Iron     - 

6*6 

54 

41 

17-7 

193         • 

Do.  of  Manganese 

1-0 

4-3 

02 

05 

3-5         1 

Lime  -        •        • 

13^ 

8-6 

61 

31-9 

71 

Magnesia   - 

4^ 

1-6 

39 

1-0 

4« 

Potash 

0-2 

0-2 

ai 

01 

Soda  - 

1-0 

3-9 

0^ 

01 

Gypsom 

Snlphuric  Acid   • 

7-2 

6*4 

84 

6-2 

0^ 
Phosph.of  lame 

Phosphoric  Acid  - 

2-0 

0« 

1*3 

1-2 

02 
Common  Sah 

Chlorine     • 

1-2 

30 

0-5 

01 

0-1 

Carbonic  Acid     • 

41 

6-4 

55 

4*4 

12-0 

Charred  Taif      - 

6-6 

100-0 

10(H) 

lOOO 

lOOO 

1000* 

In  the  most  useful  varieties  of  these  ashes  it  appears, 
from  the  above  analyses  that  lime  abounds — ^paitly  in 
combination  with  sulphuric  and  phosphoric  acids,  forming 
gypsum  and  phosphate  of  lime — and  partly  with  carbonic 
acid,  forming  carbonate.  These  compounds  of  lime, 
therefore,  may  be  regarded  as  the  active  ingredients  of 
peat  ashes. 

Yet  the  small  quantity  of  saline  matter  they  contain  is 
not  to  be  considered  as  wholly  without  effect  For  the 
Dutch  ashes  are  often  applied  to  the  land  to  the  extent  of 
two  tons  an  acre — a  quantity  which  even  when  the  pro^ 
portion  of  alcall  does  not  exceed  one  per  cent.,  will  con- 
tain 45  lbs.  of  potash  or  soda,  equal  to  twice  that  weight 
of  sulphates  or  of  common  salt.  To  the  minute  quantity 
of  saline  matters  present  in  them,  therefore,  peat  ashes 
may  owe  a  portion  of  their  beneficial  influence,  and  to  the 


*  Bprengel  ZOre  torn  Bunfer^  p.  868,  at  iff , 
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almost  total  absence  of  such  compoands  from  the  less 
vduable  sorts,  their  inferior  estimation  may  have  in  part 
arisen. 

In  Hollandi  when  applied  to  the  com  crops,  they  are 
either  ploughed  in,  drilled  in  with  the  seed,  or  applied  ai 
a  top  dressing  to  the  young  shoots  in  autumn  or  sprinn 
Lucerne,  clover,  and  meadow  grass  are  dressed  with  li 
in  spring  at  the  rate  of  15  to  18  cwt.  per  acre,  and  the  lat* 
ter  a  second  time  with  an  equal  quantity  after  the  first 
cutting.  ,  In  Belgium  tlie  Dutch  ashes  are  applied  to  do^ 
Ter,  rape,  potatoes,  flax,  and  peas-^but  never  to  baileys 
In  Luneburg  the  turf  ash  which  abounds  in  oxide  of  iron 
is  applied  at  the  rate  of  3  or  4  tons  per  acre*  and  by  this 
means  the  physical  character  of  the  clay  soDs,  as  well  at 
their  chemical  constitution,  is  altered  and  in>proved. 

In  England  peat  is  in  many  places  burned  for  the  salcie 
of  the  ashes  it  yields.  Among  the  most  celebrateil  fiw 
their  fertilizing  qualities,  are  the  reddish  turf  ashes  of 
Newbury,  in  Berkshire.  The  soil  from  beneath  which 
the  turf  is  taken  abounds  in  lime,  and  the  ashes  are  sanl 
to  contain  from  one-fourth  to  one-third  of  their  weight  of 
gypsum.*  They  are  used  largely  both  in  Berkshire  and 
Hampshire,  and  are  ohieily  aj^Ued  to  green  crops,  and 
especially  to  clover.t 

g.  Coal  <uke9  ave  a  mixtnve  of  whidi  the  composition 
is  very  variable.  They  consist,  however,  in  general,  of 
lime  often  in  the  state  of  gypsum,  of  silica,  and  of  ahimina 
mixed  with  a  qjoaniity  of  bulky  and  porous,  cinders  or  half^ 
burned  coak  The  ash  of  a  coal  from  Sl  Etienne,  in 
France,  after  all  the  carbonaceous  matter  had  been  burned 
away,  was  found  by  Berthier  to  consist  of 

Alumina,  insoluble  in  acids,        ^        •  62 

Alumina,  soluble   •        -        ^        -  •      5 

Lime         --..-.  e 

Magnesia^      ^        -        .        .        .  -      s^ 

€)xide  of  Manganese           ....  3! 

Oxide  and  Sulphuret  of  Iron          -^  -    K 

100 

♦Bra^bflkrtwirfry,  11.,  p,  884. 

1 50  biuhelB  per  acre  (at  3d.  a  bushel,  or  ISi.  6d.  an  acre)  ioeieSM  Uie 
ckirer  crop  fnllT  one-fifth.— Morton  *'  Oa  SoiU:*  p.  170. 
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'  Such  a  mixture  as  this  would  no  doubt  benefit  many 
soils  by  the  alumina  as  well  as  by  the  lime  and  magnesia 
it  contains ;  but  in  the  English  and  Scotch  coal  aabes  a 
small  quantity  of  alcaline  matter,  chiefly  soda,*  is  gene- 
rally present  The  constitution  of  the  ash  of  our  best 
coals,  therefore,  may  be  considered  as  very  nearly  re- 
sembliofl^  that  of  peat  ash,  and  as  suscep^ble  of  similar 
applications.  When  well  burned,  it  can  in  many  eases  be 
applied  with  good  effects  as  a  top-dressing  to  grass  lands 
which  are  overgrown  vrith  moss ;  while  the  admixture  of 
cinders  in  the  ash  of  the  less  perfectly  burned  coal  pro- 
duces a  fftvourable  physical  change  upon  strong  clay  soils. 

h.  Cane  AsheB* — I  may  allude  here  to  the  advantage 
which  in  sugar-growing  countries  nay  be  obtained  from 
the  restoration  of  the  cane  ash  to  the  fields  in  which  the 
eanes  have  grown.  After  the  canes  have  been  crushed  in 
the  mill  they  are  usually  employed  as  fuel  in  boiling  down 
the  syrup ;  and  tho  ash,  which  is  not  unfrequently  more  or 
less  melted,  is,  1  believe,  almost  uniformly  neglected — at 
all  events  is  seldom  applied*  again  to  the  land.  According 
to  the  principles  I  have  so  omn  illustrated  in  the  present 
Lectures,  such  procedure  must  sooner  or  later  exhaust  the 
soil  of  those  saiiqe-  substances  which  are  most  essential  to 
the  growth  of  the  cane  plant  If  the  ash  were  applied  as 
a  top-dressing  to  the  young  canes,  or  put  into  the  cane 
holes  neac  the  roots — having  been  previously  mixed  widi 
a  quantity  of  wood-ash,  and  crushed  if  it  happen  to  have 
been  melted — ^this  exhaustion  would  necessardy  take  place 
much  more  slowly. 

u  Crushed  Graniie.-^^We  have  already  seen  that  the 
felspar  existing  in  granite  contains  much  silicate  of  potash 
and  alumina.  It  is  in  fact  a  natural  mixture,  which  in 
many  instances  may  be  beneficially  applied,  especially  to 
soils  which  abound  in  lime.  It  is  many  years  since  Fuchs 
proposed  to  manufacture  potash  from  felspar  and  mica  by 
mixing  them  with  quick-lime,  calcining  in  a  furnace,  and 
then  washing  with  water.,  By  this  means  he  said  felspar 
might  be  made  to  yield  one-fifth  of  its  weight  of  potash.t 

*  From  th«  common  mlt  with  which  our  coal  if  wo  olUa  inpraiiMltdi 
,  i^fnirnolqf  the  H^J^iBtiMwn^  I,  ^.Idi.  — «--• 
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Mr.  Prideaux  has  lately  proposed  to  mix  up  crashed 
granite  and  quick  lime,  to  slake  them  together,  and  to 
allow  the  mixture  to  stand  in  coTered  heaps  for  some 
months,  when  it  may  be  applied  as  a  top-dressing,  and  will 
readily  give  out  potash  to  the  soil.  Fragments  of  granite 
are  easily  crushed  when  they  have  been  previously  heated 
to  redness,  and  there  can  be  little  doubt,  1  think,  that  such 
a  mixture  as  that  recommended  by  Mr.  Prideaux  would 
unite  many  of  the  good  effects  of  wood  ashes  and  of  lime. 
k.  Crushed  Trap. — I  need  not  again  remind  you  of  the 
natural  fertility  of  decayed  trap  soils  (Part  II.  pp.  385-6) 
and  of  the  improvement  which  in  many  districts  may  be 
effected  by  applying  them  to  the  land.  When  granite  de- 
cays, the  potash  of  the  felspar  is  washed  out  by  the  rains, 
and  an  unproductive  soil  remains — ^when  trap  decays,  on 
the  other  hand,  the  lime  by  which  it  is  characterized  is  not 
soon  dissolved  out,  so  that  the  soil  which  is  produced  is 
not  only  fertile  in  itself,  but  is  capable  of  being  emploved 
as  a  fertilizinff  mixture  for  other  soils.  Thus  when  it  is 
much  decayed  it  is  dug  out  from  pits  both  in  Cornwall  and 
in  Scotland,  and  is  applied  like  nutrl  to  the  land. 

/.  Crushed  Lavas. — Of  the  fertile  and  fertilizing  nature 
of  the  crushed  or  decayed  lavas  I  have  also  already  spoken 
to  you  (Part  II.  p.  388).  In  St.  Michael's,  one  of  the 
Azoies,  the  natires  pound  the  volcanic  matter  and  spread 
it  on  the  ground,  where  it  speedily  becomes  a  rich  mould 
capable  of  bearing  luxuriant  crops.  At  the  foot  of  Mount 
Etna,  whenever  a  crevice  appears  in  the  old  lavas,  a 
branch  or  joint  of  an  Opuntia  {Cactus  Q^MNt^ta— European 
Indian-Fig)  is  stuck  in,  when  the  roots  insinuate  tnem- 
selves  into  every  fissure,  expand,  and  finally  break  up  the 
lava  into  fragments.  These  plants  are  thus  QOt  only  the 
means  of  producing  a  soil,  but  they  yield  abo  much  fruit, 
which  is  sold  as  a  refreshing  food  throughout  all  the  towns 
of  Sicily.* 

These  are  all  so  many  natural  mineral  mixtures  of  which 
we  may  either  directly  avail  ourselves,  or  which  we  may 
imitate  by  art. 

*  OecandcUe  quoted  in  th«  QfiaH,  Jtmm.  of  Sgr.,  iv.  p.  73Z.. 
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EacperimeiUi  with  mixed  mamuret. 
Note. — As  a  valuable  appendix  to  the  preceding  obeer* 
▼ations  on  mixed  maaures,  I  am  pennitted  to  iDsert  the 
following  very  intereeting  results  obtained  during  the  pre- 
sent season,  1842,  from  experiments  made  on  the  estate 
of  Mr.  Bumetf  of  Gadgirth,  near  Ayr.  The  crop  to  wbidi 
the  several  manures  were  applied  was  wheat  of  the  edipm 
variety,  sown  on  the  29th  of  October,  1841,  and  reaped  on 
the  15th  of  August  last*  The  soil  is  a  loam  with  subsoil 
of  clay,  tile  drained  and  trenched  ploughed.  It  had  been 
in  beans  the  previous  year,  and  gave  six  quarters  per  «ci«» 
which  were  sold  at  46s.  a  quarter.  No  manure  had  beea 
applied  with  the  bean  crop,  and  except  a  good  dose  of 
lime  before  sowing  the  wheat,  nothing  but  the  saline  mix- 
tures mentioned  below  was  applied  with  this  latter  crop. 


AppUntlM  par  kiptfial 
■era. 

PROWTCCPKK  IBir.  ACKB. 

f 

Waifbtpar 
biubaL 

jlOOlU^rniB 
ioa  Soar. 

Straw. 

Graia. 

CWL 

bush,  lbs. 

lbs. 

lbs. 

Sulphate  of  Anmo-  ^ 

moDia,  3  cwt*       > 

«H 

99 

54 

69 

66+ 

Wood*aflbes  4  cwt ) 

Sulph.  of  AiBfiionia»' 

2cwt    ... 

Sulph  of   Soda,   2  - 

44^ 

49 

6 

60 

63* 

cwt  -    -    -    - 

Wood-ashes,  4  cwt 

Sulph.  of  Ammonia,' 

2  cwt.    ^    -    - 
Common  Sa)t^2  cwt  | 

45 

49 

0 

60 

65f 

Wood-ashas,^  4  cwt  J 

Sulph  of  Anmoniai  , 

2 cwt    ^    -    • 

Nitrate  of  Soda*.  1 

44^ 

4» 

20 

50 

54} 

cwt       ^    -.    - 

Wood-ashes,  4  cwt  J 

No  application     - 

29f 

81 

88 

61+ 

7»f      1 

*11ie  anlpliate  of  ammonia  was  prepared  from  urine,  and,  therelbre,  eon* 
tained  other  admiitarea  (Part  III.  p.  7S).  The  atraw  waa  atroQrai, 
coaraeat,  and  longeat  in  ripeninc,  where  thia  anlphate  waa  uiptied.  ^Hie 
two  ffuanoa  produced  Uttle  luxunaoce,  but  the  loU  to  whioh  thajr  w«re  an- 
Vlied.  wer«  aooneat  ripe. 
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The  reader  will  observe  here  that  though  the  first  mix- 
ture produced  a  larger  increase  both  of  straw  and  ^rain, 
a  still  larger  additional  increase  was  caused  by  mixing 
with  the  substances  of  which  it  consisted  either  common 
salt  or  sulphate  of  soda  or  nitrate  of  soda.  Each  of  these 
three  substances  produced  nearly  the  same  effect.  The 
soda,  therefore,  more  than  the  acid  with  which  it  was 
combined,  must  in  these  cases  have  acted  beneficially. 
The  comparatively  small  proportion  of  fine  flour  yielded 
by  the  nitrated  wheat,  ana  the  comparatively  large  pro- 
portion obtained  from  that  to  which  no  application  was 
made,  are  also  highly  deserving  of  notice. 

Mr.  Burnet  has  transmitted  to  me  samples  of  the  flour 
from  these  several  growths  of  wheat,  with  a  view  of  de- 
termining the  relative  proportions  of  gluten  they  contain. 
The  result  of  this  examination,  which  cannot  fail  to  be  in- 
teresting, will  be  given  in  a  succeeding  lecture — before 
which,  however,  I  hope  the  whole  of  Mr.  Burnet's  experi- 
ments will  be  laid  before  the  public. 

It  will  be  observed  that  Mr.  Burnet  has  exercised  a 
sound  discretion  in  making  and  trying  mixtures  not  hitherto 
specifically  recommended.  It  is  by  the  result  of  such 
varied  experimental  trials,  made  by  intelligent  practical 
men,  on  aifferent  soils  and  crops,  and  with  mixtures  of 
which  the  eonstitutian  is  exactly  knaum,  that  we  shall  be  able 
hereafter  to  correct  our  theoretical  principles — as  well  as 
to  simplify  and  render  more  sure  our  general  practice.* 

*  WTiile  this  sheet  ts  going  through  the  preaa,  I  un  infonned  that  the 
niioaU  qf  pUatk,  referrea  to  in  Part  III.  p.  71,  ia  now  mannfactored  by 
the  Moatfn.  Dyraond,  of  London,  and  may  be  obtained  from  the  London 
dealers  at  56c.  a  cwt.  I  expect,  also,  that  a  silicate  of  soda  will  soon  be 
brought  into  the  market  bjr  the  Messrs.  Cookson's,  of  the  Jairow  Alkali 
Works,  at  a  much  lower  price.  The  nrobaUe  efficacy  of  these  substances, 
aa  manures,  has,  no  doubt,  been  extolled  too  highly  by  some — their  real 
efficacy,  however  is  well  deserving  of  investigation.  I  shall  insert  in  the 
Appendix  No.  VU.  therefore,  some  suggestions  for  experiments  with  these 
soMtances,  in  the  hope  that  during  the  ensuing  spriqg,  1843,  some  esperi- 
menti  on  the  subject  may  be  made. 


LECTURE  XVII. 

Use  of  lime  as  a  manare.  Value  of  lime  in  improving  the  soil.  Of  the 
composition  of  eoromon  and  masnesian  lime-stones.  Brnning  sod 
slaknig  of  lime.  Changes  which  alaked  lime  undeigoes  by  exposure  t» 
the  air.  Various  natural  states  in  which  carbonate  of  lime  is  appUed  lo 
the  land.  Marl — shell  and  coral  sand, — ^lime-stone  sand  and  gnrel, — 
crashed  lime-stone.  Chemical  composition  of  varioas  maris,  and  ahril 
and  lime-stone  sands.  Their  effects  on  the  soil.  Use  of  chalk.  IsUbm 
necessary  to  the  soil  7  Exhausting  effect  of  lime.  Analogy  between 
IhiB  action  of  lime  and  that  of  wood-ashes.    Quantity  of  lime  to  be  ap- 

Slied.  Effects  of  an  ovetdose.  Form  in  which  it  may  be  moat  pra- 
ently  used.  When  it  ought  to  be  applied  in  reference  to  the  aeaaon — 
to  the  rotation — and  to  the  application  or  manure.  Its  general  and  special 
effects  on  different  soils  and  crops.  Circumstances  which  infloenoe  its 
action.  Length  of  time  during  wnich  its  effects  are  perceptible.  ThecKy 
of  Uie  action  of  lime.  Necessity  and  nature  of  the  exhaustion  which  it 
sometimes  produces.  Sinking  of  lime  into  the  soil.  Why  the  applica- 
tion of  lime  must  be  repeated.  Action  of  lime  on  liTing  animMs  and 
vegetables.    Suggestions  of  theory.    Use  of  silicate  of  lime. 

Having  explained  to  you  ihe  action  of  the  most  impor- 
tant saline  and  mixed  mineral  substances  which  are  or  may 
be  beneficially  applied  to  the  soil,  I  have  now  to  draw 
your  attention  to  the  use  of  lime — the  most  valuable  and  the 
roost  extensively  used  of  all  the  mineral  substances  that 
have  ever  been  made  available  in  practical  agriculture. 
It  has,  and  with  much  reason,  been  called  **  the  basis  of  all 
good  husbandry" — it  well  deserves,  therefore,  your  most 
serious  attention  as  practical  men,  and  on  my  part  the  ap- 
plication of  every  chemical  light  by  which  its  usefuloess 
may  be  explained  and  your  practice  guided.  This  con- 
sideration also  will  justify  me  in  dwelling  upon  it  with 
some  detail,  and  in  illustrating  separately  the  yarioos 
points,  both  of  theory  and  practice,  which  present  them- 
selves to  us,  when  we  study  the  history  of  its  almost  uni- 
Tersal  application  to  the  soil. 

§  1.  ()f  the  competition  of  common  and  tnagnesian  lime- 

stones. 

1^.  Common  lime-stonesj-^hime  is  never  met  with  in 
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nature  except  in  a  state  of  chemical  combination  (Part  I. 
p.  40)  with  some  other  subatance.  That  which  is  nauallj 
employed  in  agriculture  is  met  with  in  the  «tate  of  ear- 

hOtUUCm 

Carbonate  of  lime,  or  common  Kme-stone,  conaista  of 
lime  and  carbonic  acid,  and,  when  perfectly  pure  and  dry, 
in  the  following  proportiouB :— 

pwewt 

Carbonic  acid,  43*7 1  .        r    .      j  i.      * 

T  itn^  iw:  o     or  one  ton  of  pure  dry  carbonate 

j-ime,   .  .  .  .0^  I  of  lime  contains  lUcwU.  of 

100   ]       ^^""^- 

Limestones,  however,  are  seldom  pure.  They  always 
contain  a  sensible  quantity  of  other  earthy  matter,  chiefly 
silica,  alumina,  and  oxide  of  iron,  with  a  trace  of  phos- 
phate of  lime,  sometimes  of  potash  and  soda,  and  often  of 
animal  or  other  organic  matter.  In  lime-stones  of  the 
best  quality  the  foreign  earthy  matter  or  impurity  does  not 
exceed  5  per  cent,  of  the  whole — while  it  is  often  very 
much  less.  The  chalks  and  mountain  lime-stones  are 
generally  of  this  kind.  In  those  of  inferior  quality  it  may 
amount  to  12  or  20  per  cent,  while  many  calcareous  beds 
are  met  with  in  which  the  proportion  of  lime  is  so  small 
that  they  will  not  bum  into  agricultural  or  ordinary  build* 
ing  lime— refusing  to  slake  or  to  fall  to  powder  when 
moistened  with  water.  Of  this  kind  is  the  Irish  caip  and 
the  lime-stone  nodules  which  are  burned  for  the  manufac- 
ture of  hydraulic  limes  or  cements.*  It  is  easy  to  ascer- 
tain the  quantity  of  earthy  matter  in  a  lime-stone,  by 
simply  introducing  a  known  weight  of  it  into  cold  diluted 
muriatic  acid  and  observing  or  weighing  the  part  which, 
after  12  hours,  refuses  to  dissolve  or  to  exhibit  any  effer^ 
▼escence.  It  is  to  the  presence  of  these  insoluble  impuri- 
ties that  lime-stones  in  general  owe  their  colour,  pure  car- 
bonate of  lime  being  perfectly  white. 

*  Thus  tint  of  AbMthftw  oontsinf  aboat  86  of  evboMto  of  Hmm-nA  U 
of  cUy,  Ac. ;  that  of  Yorkthire  62  of  carbonote  of  lime  and  34  of  cUy ;  of 
Shoppy  66  of  carbonate  of  lime  and  8S  of  day.  Theae  lime  itenoi  are 
bnnied,  and  then  cruahed  to  an  impalpable  powuer,  which  aota  almMt  isa* 
Mediately  whoa  miied  op  with  water. 
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.  2<>.  Magnnian  2tifie^«l0ites.— Though  often  nearly  wfaite^ 
the  magneaian  lime-stonea  of  our  island  are  generall  j  of  a 
yellow  colour.  They  cannot  by  the  eye  be  distiogoabed 
uom  common  lime-stones  of  a  similar  colour,  but  they  are 
characterized  by  containing  a  greater  or  less  proportion  of 
carbonate  of  ma^esia,  which  is  more  or  less  easily  de- 
tected by  analysis.  Pure  carbonate  of  magnesia  consists 
of 

percent. 

Ciai>onic  acid,  617  ^  ^^  ^^^  ^^^  ^^  ^     carbonate 

Magnesia,  .  .  jlS^  I  of  magnesia  contiUna  9t  cwta. 

100     1         ^^  magnesia* 

It  contains,  therefore,  a  considerable  larger  proportion 
of  carbonic  acid  than  is  present  in  carbonate  of  lime. 

Ma^nesian  lime-stone  is  very  abundant,  is  indeed  the 
prevailing  rock  in  many  parts  of  England  (Part  11^  p. 
364),  but  the  proportion  of  carbonate  of  magnesia  it  con- 
tains is  very  various  in  different  localities.  Even  in  the 
same  quarry  different  beds  contain  very  unlike  proportions 
of  magnesia,  and  are  therefore  more  or  less  fitted  for  ag- 
ricultural purposes.  Thus  several  varieties  of  this  lime- 
stone, examined  by  myself,  from  different  parts  of  the 
county  of  Durham,  contained  the  two  carbonates  in  the 
following  proportions  :— 


Gvmondcwmy  -  -  • 
Staoy-ftu  . .  •  .  - 

Falwell 

Seabam  (A)  -  -  •  - 

(B) 

Htfti«pool 

Hamlil«4onHin(A) 

- (B) 

Fenryhtt] 


CattoMte 

or 

CarboMM 
of 

lUffDMla. 

ilaisiiM. 

Oiidtof 

Imn,  ftod 

PbOMho- 

rie  acid. 

iDMlobfe 

97-5 

25 

trace 

timee 

960 

1-61 

0^87 

0-12 ; 

0!H> 

21 

0-3 

^ 

S6-5 

SB 

OS 

'* 

95-0 
54-5 

1-8 
44-93 

0-2 
0-33 

3-5 
0-24 

57-9 

41*8 

? 

0-28 

60-41 

88-78 

T 

0-81 

Ml 

44-78 

159 

4-6 

Hani 

Crystalline  llae  f  r«ia<' 
ed  jrellov. 


UlliiM  jelloer. 
Herd  Soe  creie«l 


Hard 

Oolitic  yellow. 

Perleet 
IveiiM. 

Cootbtief  ie  pertef 

encrlnal  coteiaae. 
yetlowidi 


OP  THB  BURNING  AND  SLAKING  OF  LIMB.  97 

Some  of  tbese  Tariettes,  as  we  see,  contain  very  little 
carbonate  of  magnesia,  and,  therefore,  are  found  to  pro- 
duce excellent  lime  for  agricultural  purposes — while  in 
others  this  substance  forms  nearly  one-half  of  the  whole 
weight  of  the  rock.  Similar  differences  are  found  to  pre- 
vail in  almost  every  locality. 

This  admixture  of  magnesia  in  greater  or  less  quantity 
is  not  confined  to  the  lime-stones  of  the  magnesian  lime- 
stone formation  properly  so  called.  It  is  found  in  sensible 
quantity  in  certain  beds  of  lime-stone  in  nearly  every  geo- 
logical formation,  and  there  are  few  natural  lime-stones  of 
any  kind  in  which  traces  of  it  may  not  be  discovered  by  a 
carefully  conducted  chemical  examination. 

The  simplest  method  of  detecting  ma^esia  in  a  lime- 
stone is  to  dissolve  it  in  diluted  muriatic  acid,  and  then  to 
pour  clear  lime  water  into  the  filtered  solution.  If  a  light 
white  powder  fail,  it  is  magnesia.  The  relative  propor- 
tions in  two  lime-stones  may  be  estimated  pretty  nearly 
by  dissolving  an  equal  weight  of  each,  pouring  the  filtered 
solutions  into  bottles  which  can  be  corked,  and  then  filling 
up  both  with  lime  water.  '  On  subsiding,  the  relative 
bulks  of  the  precipitates  will  indicate  the  respective  ricb- 
ness  of  the  two  varieties  in  magnesia. 

§  2.  Of  the  humirig  and  slaking  of  Unu, 

Burning. — When  carbonate  of  lime  or  carbonate  of 
magnesia  is  heated  to  a  high  temperature  in  the  open  air 
the  carbonic  acid  they  severally  contain  is  driven  off,  and 
the  lime  or  magnesia  remains  in  the  caustic  state.  When 
thus  heated  the  carbonate  of  magnesia  parts  with  its  car- 
bonic acid  more  speedily  and  at  a  lower  temperature  than 
carbonate  of  lime. 

On  the  large  scale  this  burning  is  conducted  in  lime 
kilns,  one  ton  of  good  lime-stone  yielding  about  11  cwts. 
of  burned,  shell,  quick,  or  caustic  lime. 

Slaking. — When  this  shell  or  quick-lime,  as  it  is  taken 
from  the  kiln,  is  plunged  into  water  for  a  short  time  and 
then  withdrawn,  or  when  a  quantity  of  water  is  poured 
upon  it,  beat  is  developed,  the  lime  swells,  cracks,  gives 
off  much  watery  vapour,  and  finally  falls  #  a  fioe^  bulky, 
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more  or  less  white  powder.  These  appearances  are  more 
or  less  rapid  and  striking  according  to  the  quality  of  the 
lirae,  and  the  time  that  has  been  allowed  to  elapse  after 
the  burning,  before  the  water  was  applied.  All  lime  be- 
comes difficult  to  slake  when  it  has  heen  for  some  time 
exposed  to  the  air.  When  the  slaking  is  rapid  as  in  the 
rich  limes,  the  heat  produced  is  sofiBcient  to  kindle  gun- 
powder strewed  upon  it,  and  the  increase  of  bulk  is  from 
2  to  3^  times  that  of  the  original  lime  shells.  If  tlie 
water  be  thrown  on  so  rapidly  or  in  such  quantity  as  to 
chill  the  lime  or  any  part  of  it,  the  powder  will  be  gritty, 
will  contain  many  little  lumps  which  refuse  to  slake,  wUl 
also  be  less  bulky  and  less  minutely  divided,  and  tliere- 
ibre  will  be  less  fitted  either  for  agricaltural  or  for  build- 
ing purposes. 

When  quick-lime  is  left  in  the  open  air,  or  is  covered 
over  with  sods  in  a  shallow  pit,  it  gradually  absorbs 
water  from  the  air  and  from  the  soil,  and  falls,  though 
much  more  slowly,  and  with  little  sensible  development 
of  heat,  into  a  similar  fine  powder.  In  the  rich  limes  the 
increase  of  bulk  may  be  3  or  3^  times,  in  the  poorer  or 
•«uch  as  contain  much  earthy  matter,  it  may  be  less  than 
twice. 

Hf/drate  of  Lime, — When  quick-lime  is  thus  slaked  it 
combines  with  the  water  which  is  added  to  it,  and  becomes 
converted  into  a  milder  or  less  caustic  com  pound ,  which 
among  chemists  is  known  by  the  name  of  hydrate  of  lime. 
This  hydrate  consists  of 

parcMt. 

Lime  ...  76  )  or  one  ton  of  pure  burned  lirae  becomee 
Water  • .  24  )      nearly  25  cwts.  of  slaked  lime. 

100 

It  is  rare,  however,  that  lime  is  so  pure  or  so  akilfolly 
and  perfectly  slaked  as  to  take  up  the  whole  of  this  pro- 
portion of  water,  or  to  increase  quite  so  much  as  one- 
fourth  part  in  weight. 

Hydrate  of  Magnesia, — When  calcined  or  caustic  mag- 
nesia is  slaked,  it  also  combines  with  water,  but  withcMt 
becoming  soE|nsibly  hot  as  quick-lime  does»  and  forma  a 
hydrate,  which  consists  of 
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pereeat. 

Magnesia,  69*7  )  or  one  ton  of  pure  burned  magnesia. 
Water,  . .  30*3  )      becomes  28  f  cwta.  of  hydrate. 

100 

When  magnesian  lime  is  slaked,  the  fine  powder  which 
18  obtained  consists  of  a  mixture  of  these  two  hydrates,  ux 
proportions  which  depend  of  course  upon  the  composition 
of  the  original  lime-stone. 

An  important  difierence  between  these  two  hydrates  is, 
that  the  hydrate  of  magnesia  will  harden  under  watex 
or  in  a  wet  soil  in  about  8  days — forming  a  hydraulic  ce- 
ment. Hydrate  of  lime  will  not  so  harden,  but  a  mixture 
of  the  two  in  the  proportions  iu  which  they  exist  in  the 
Hartlepool,  Hurabledon,  and  Ferryhill  lime-stones  (Part 
in.  p.  96),  will  harden  under  water,  and  form  a  solid 
mass.  In  the  minute  state  of  division  in  which  lime  is 
applied  to  the  soil  the  particles,  if  it  be  a  magnesian  Yime, 
will,  in  wet  soils  or  in  the  event  of  rainy  weather  ensuing 
immediately  after  its  application,  become  granular  and 
gritty,  and  cohere  occasionally  into  lumps,  on  which  the 
air  will  have  little  effect.  This  propeity  is  of  consideraJ>le 
importance  in  connection  with  the  further  eJiemical  ph&ngeM 
which  slaked  limes  undergo  when  exposed  to  the  air  or 
buried  in  the  soil. 

§  3.  Changes  which  the  hydrates  of  lime  and  magnesia  un* 
dergo  hy  prolonged  exposure  to  the  air. 

When  the  hydrates  of  lime  or  magnesia  obtained  bv 
slaking  are  exposed  to  the  open  air,  they  gradually  abAorb 
carbonic  acid  from  the  atmosphere,  and  tend  to  return  to 
the  state  of  carbonate  in  which  they  existed  previous  to 
burning.  By  mere  exposure  to  the  air,  however,  they  do 
not  attain  to  this  state  within  any  assignable  time.  In 
some  walls  600  years  old,  the  lime  has  been  found  to  have 
absorbed  only  one-fowth  of  the  carbonic  acid  necessary  to 
convert  the  whole  into  carbonate ;  in  others,  built  by  the 
Romans  1800  years  ago,  the  propt>rtion  absorbed  has  not 
exceeded  three-fourths  of  the  quantity  contained  in  nature) 
lime-stones.  In  damp  situations  the  absorption  of  cap^ 
bonic  acids  proceeds  most  slowly. 
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1^.  Change  undergone  hy  pure  lime  during  tponianeous 
slaking, — In  consequence,  however,  of  the  strong  ten- 
dency of  caustic  lime  to  absorb  carbonate  acid,  a  consider- 
able quantity  of  the  hydrate  of  lime  first  formed,  during 
spontaneous  slakine,  becomes  changed  into  carbonate  du- 
ring during  the  slaking  of  the  rest.  But,  when  it  has  all 
completely  fallen,  the  rapidity  of  the  absorption  ceases, 
and  the  fine  slaked  lime  consists  of 

Carbonate  of  lime 57"4 

Hydrate  of  lime  {  ^;-;;V,    JS  }        ^ 
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or,  a  ton  of  litaie,  left  in  the  open  air  till  it  has  completely 
fallen  to  powder,  contains  about  8^  cwt.  in  the  state  of 
hydrate.  If  left  to  slake  in  large  heaps,  the  lime  in  the 
interior  of  those  heaps  will  not  absorb  so  much  carbonic 
acid  till  after  the  lapse  of  a  very  considerable  time.  More 
caustic  lime  (hydrate)  also  will  be  present  if  it  be  left  to 
slake,  as  is  often  done  for  agricultural  purposes,  in  shal- 
low pits  covered  with  sods,  to  defend  it  from  the  air  and 
the  rains. 

After  the  lime  has  attained  the  state  above  described* 
and  which  is  a  chemical  compound*  of  carbonate  with 
hydrate  of  lime,  the  further  absorption  of  carbonic  acid 
from  the  air  proceeds  very  slowly,  and  is  only  completely 
effected  after  a  very  long  period. 

2^,  When  slaked  in  the  ordinary  way  lime  falls  to  pow- 
der, without  having  absorbed  any  notable  quantity  of 
carbonic  acid.  Numerous  small  lumps  also  remain,  which, 
though  covered  with  a  coating  of  hydrate,  have  not  them- 
selves absorbed  any  water.  The  absorption  of  carbonic 
acid  by  this  slaked  lime  is  at  first  very  rapid, — so  that 
where  the  full  effect  of  caustic  lime  upon  the  soil  is  re- 
quired, it  ought  to  be  ploughed  in  as  early  as  possible, — 

*Thia  ooopound  ooniitti  of  one  atom  of  cartMmate  of  limo  (CoO+COi) 
combined  with  one  of  hydnte  (CaO-tHO),  and  is  repreeented  ahoiaj  bf^ 
CaCI-fdali— in  which  Cadenotea  calcium  (Part  11.  p.  Sfl6),CaOorC^ 
oxide  of  calcium  or  lime,  CO''  or  C  carbonic  acid  (Part  I.  p.  61),  and  HO  or 
tL  water  (Put  I.  p.  43>. 
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bat  it  gradually  becomes  more  slow,  a  variable  prop^rlioii 
of  the  compound  of  carbonate  and  hydrate  above  de» 
scribed  is  formed,  and  even  when  thinly  scattered  over  a 
grass  field,  an  entire  year  may  pass  over  without  effecting 
the  complete  conversion  of  the  whole  into  carbunaie. 

3^.  Calcined  or  burned  magnesia,  whether  in  the  pucSr 
state  or  mixed  with  quick-lime,  as  in  the  magnesian  limes, 
absorbs  carbonic  acid  more  slowly — and  by  mere  expo* 
sure  to  the  air  will  probably  never  return  to  its  original 
condition  of  carbonate. 

When  allowed  to  slake  spoRtaneously*  three  Ibttrths  oC 
it  become  ultimately  changed  into  carbonate,  and  foraaa 
compound  of  hydrate  and  carbonate  which  b  identical 
with  the  common  uncalcined  magnesia  of  the  shops*  Tbit» 
compound*  consists  of — 

Carbonate  of  Magnesia  -  -  69*37 
Hydrate  of  Magnesia  -  •  -  16*03 
Water 14'60 
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and  it  undergoes  no  further  change  by  continued  expo- 
sure to  the  air. 

But  if  slaked  by  the  direct  application  of-  water^  nstg^ 
nesia*  like  lime,  f«irms  a  hydrate  only,  without  absorbing 
any  sensible  quantity  of  carbonic  acid.     The  hydrate  thiM: 
produced  is  met  with  in  the  form  of  mineral  deposits  on.* 
various  parts  of  the  eanh*s  surface,  and  this  mineral  is> 
not  known  to  undergo  any  change  or  to  absorb  cai4xmie 
acid  though  exposed  for  a  great  length  of  time,  to  the  air. 
When  magnesian  limes  are  slaked  by  wateor,  therefone»- 
the  magnesia  they  contain  may  remain  in  whole  or  in. 
part  in  the  caustic  state  (of  hydrate),  wliich  will  change  : 
but  slowly  even  when  exposed  to  the  ain     Wiicm.it  is 
lett  to  spontaneous  slaking,  one-fourth  o£  it  at  least. will 
always  remain  in  the  caustic  stale,  however  long  it  mtf- 
be  exposed  to  the  air. 

Should  a  lime  be  naturally  of  sncb  a  kind,  or-  be  so. 
mixed  with  the  ingredients  of  the  soil  aa.to  form  a  hydraulic 

*  It  i«  raprMiDted  by^  tfa«  fimnaU  3  (Bb ii4*fi)-4«ltgi9L. 
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cement  or  an  ordinary  mortar,  which  will  solidify  when 
rains  come  npon  it,  or  when  the  natural  moisture  of  the 
soil  reaches  it — the  absorption  of  carbonic  acid  will  in  a 
great  measure  cease  as  it  becomes  solid,  and  a  large  pro- 
portion of  the  lime  will  remain  caustic  for  an  indefinite 
period. 

§  4.  States  of  chemical  eombifuUion  in  uihick  Ime  may  he 

q^lied  to  the  land. 

There  arc,  therefore,  four  distinct  states  of  chemical 
combination,  in  which  pure  lime  may  be  artificially  ap- 
plied to  the  land. 

1<>.  Qnick-Ume  or  lime  ihtllst  in  which  the  lime  as  it 
comes  from  the  kiln  is  uncombined  either  with  water  or 
with  carbonic  acid. 

2^.  Slaked  lime  or  hydrate  of  lime,  in  which  by  the  di-. 
rect  application  of  water  it  ha&  been  made  to  combine 
with  aoout  one-fourth  of  its  weight  of  water. 

In  both  these  states  the  lime  is  caustic,  and  may  be  pro- 
perly spoken  of  as  caustic  lime. 

3<>.  apontaneausly  duked  lime^  in  which  one-half  of  the 
lime  is  combined  with  water  and  the  other  half  vrith  car- 
bonic i^cid.     In  this  state  it  is  only  half  caustic. 

40.  Carbonate  of  Ztme— the  state  in  which  it  occurs  in 
nature,  and  to  which  burned  lime,  afler  long  exposure  to 
the  air,  more  or  less  perfectly  arrives.  In  this  state  lime 
possesses  no  caustic  or  alcaline  (Part  I.  p.  67,  note)  pro- 
perties, but  is  properly  called  mUd  lime. 

50.  Bi-carbonate  of  lime  may  be  adverted  to  as  a  fifth 
state  of  combination,  in  which,  as  I  have  previously  ex- 
plained to  you  (Part  I.  p.  62),  nature  usually  applies  lime 
to  the  landi  In  this  state  it  is  combined  with  a  douUe 
proportion  of  carbonic  acid,  and  is  to  a  certain  extent 
readily  soluble  in  water.  Hence,  springs  are  often  im- 
pregnated with  it,  and  the  waters  that  eush  from  fissures 
m  the  lime-stone  rocks  spread  it  through  the  soil  in  their 
neighbourhood,  and  sweeten  the  land. 

I  shall  hereafter  speak  of  these  several  states  under  the 
names  of  ^«u^-Hme,  hydrate  of  lime,  spontaneously  slaked 
lime,  carbonate,  of  lime,  and  fii^carbonate  of  lime.    By 
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ftdhering  to  tbese  strictly  correct  names,  we  shall  aToid 
some  of  that  confusion  into  which  those  who  have  hitherto 
treated  of  the  use  of  lime  as  a  manure  have  unavoidably 
fallen.  The  term  mild,  you  will  understand,  applies  only 
to  that  which  is  entirely  in  the  state  of  carbonate. 

Magnesia,  in  the  magnesian  limes,  may  in  like  manner 
be  eitber  in  the  state  of  calcined  magnesia,  of  hydrate  of 
magnesia^  of  spontaneously  slaked — meaning  by  this  the 
compound  of  hydrate  with  carbonate-^of  carbonate,  or  of 
Bi'carbonate  of  magnesia^  the  latter  of  which  is  soluble 
in  water  to  a  very  considerable  extent.* 

§  5.  Of  the  various  natural Jorms  in  tohich  carbonate  of  lime 

is  applied  to  the  land. 

In  the  unbumed  or  natural  state,  lime  is  met  vntfa  on 
the  earth's  surface  in  numerous  forma — ^in  many  of  which 
it  can  be  applied  largely,  easily,  and  with  economy  to  the< 
land. 

l^'.  MarL — Of  these  forms,  that  of  marl  occurs  moat 
abundantly,  and  is  most  extensively  used  in  almost  every 
country  of  Europe.     By  the  term  marl,  is  understood,  as 
I  explained  to  you.when  treating  of  soils  (Part  II.,  p.  343), . 
an  earthy  mixture,  which  contains  carbonate  of  lime,  and 
effervesces  more  or  less  sensibly  when  an  acid  (vinegar 
or  diluted  muriatic  wd'^spirit  of  salt)  is  poured  upon  it. 
Generally,  also,  the  tenacious  marls,,  when  introduced  into, 
water,  lose  their  coherencoi  and  gradually  fall  to  powder. 
This  test  is  often  employed,  to  distinguish  between  marly 
and  other  clays,  yet  the  falling  asunder,  though  it  afford  a 
presumptioD,  is  not  an  infallible  proof  that  the  substance 
tried  is  really  a  marl. 

Marls  are  of  various  colors,  white,  grey,  yellow,  blue 
and  of  various  degrees  of  coherence,  some  occurring  in 
the  form  of  a  more  or  less  fine,  loose,  sandy  powder, 
others  being  tenacious  and  clayey,  and  others,  again,  hard 
and  stony.  These  differences  arise  in  part  from  the  kind 
and  proportion  of  the  earthy  matters  they  contain,  and  in 
part,  also,  from  the  nature  of  the  locality,  moist  or  dry,  in 

*  It  diMnlves  in  48  timee  ita  weight  of  watei^-or  a  gallon  of  water  will 
diMdve  5  onnoea  of  the  Bi-ceibonate  eontainiog  1 9*5  ooncei  of  magnealB; 
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trfiieh  they  are  found.  The  hard  and  atony  Tariedea  ara 
ii3ually  laid  upon  the  land,  and  exposed  to  the  pulFori^g 
influence  of  a  wtnter'a  frost  before  they  are  either  apreaa 
over  the  pasture  or  ploughed  ioto  the  arable  land.  Some 
rich  marls  consist  in  part  or  in  whole  of  broken  and  com- 
minuted  shellsi  which  clearly  indicate  the  aouroe  of  the 
calcareous  matter  they  contain. 

The  characteristic  property  of  true  marls  of  every  va- 
riety is,  I  have  said,  the  presence  of  a  considerable  per 
eentage  of  carbonate  of  lime  in  the  state  of  a  fine  powder, 
and,  in  general,  diffused  uniformly  through  the  entire  mass. 
To  this  calcareous  matter  the  chief  efficacy  of  these  marls 
is  no  doubt  to  be  ascribed,  yet  as  they  always  contain 
other  chemical  compounds  to  which  the  special  efficacy 
of  certain  varieties  has  aometimes  been  aacribed*  it  may 
not  be  improper  to  direct  your  attention  to  the  following 
table  in  which  the  constitution  of  several  marla«  from 
different  localities,  is  represented,  after  the  analysis  of 
Sprengel :— • 


COMPOtlTlON  OP  WU9LM  raOH 

Osna- 

Hafdo-BniDC- 

WeMr- 

BraM., 

• 

<iiiBrt»^nd  and  Silica 
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bruck 

bury.     wkk. 

mvah. 

wiek.  1 

5-6 

28^ 

"S3- 

lomwiM, 
73l 

JItflMfl'jF* 

78-9 

ITT 

AlUUUllA 

0*4 

lOO 

8-4 

1-9 

3-1 

4-0  i 

Ondee  of  Iron    -    -    - 

4-3 

1-9 

6-7 

3-2 

38 

65 

Do.     of  Maffnetia    - 
Carbonate  of  lime  -    - 

trace 

trace 

0-3 

0-3 

0-3 

11 

85-5 

35-0      18-S 

181 

a-a 

I3L3  . 

Do.    of  Magnesia-    - 

1-25 

Qr9 

3-8        1-5 

30 

»« 

8ulphuret  of  Iron    -    • 

— 

7-3 

— 

— 

— 

'— 

Potash    and     Soda, ) 

combined  with  Si-  [ 

0O5 

trace 

1-6 

0-8 

0^ 

02 

lica ) 

Common  Salt     -    -    - 

0-03 

trace 

trace 

trace 

0-1 

trace 

Gvpaum 

Phosphate   of  Lime  ? 
(bone  earth) 

(MI6 

09 

21 

0-1 

0-6 

tnoe 

2-3 

0-5 

0-5 

0^ 

1^ 

1-2 

Nitrate  of  lime  •    -    - 

0^1 

carbon 

— 

•^ 

"— 

Organic  Matter    -    - 

• 

0*6        20-5 

— 

— 

1 

1 

100          100    i  100    1  100 

100 

1  100     , 

Several  reflections  will  occur  to  you  on  looking  at  these 
tables — ^sach  as 
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First — ^that  marls  differ  very  raucb  in  composition,  and 
therefore  must  differ  very  much  also  in  the  effects  which 
they  are  capable  of  producing  when  applied  in  the  same 
quantity  to  the  same  kinds  of  land. 

Second — that,  among  other  differences,  the  proportion 
of  carbonate  of  lime  is  very  unlike — in  some  varieties 
amounting  to  85  lbs.  out  of  every  hundred,  while  in  others 
as  little  as  6  lbs.  are  present  in  the  same  weight.  You 
will  understand,  therefore,  how  very  different  the  quantity 
applied  to  the  land  must  be,  if  these  several  varieties  are 
to  produce  an  equal  liming  or  to  add  equal  quantities  of 
lime  to  the  soil.  You  will  see  that  each  of  three  persons 
may  be  adopting  the  best  practice  with  his  own  marl — 
though  the  one  add  only  lij  to  20  tons  per  acre,  while  the 
second  adds  50  to  60,  aod  the  third  100  to  120  tons. 

TAtr<£— that  the  proportionof  phosphate  of  lime  (bone- 
earth)  is  in  some  marls  considei^ably  greater  than  in  others. 
Thus  with  every  ton  of  the  first  of  the  above  marls  you 
would  lay  on  the  soil  52  lbs.  of  bone  earth — about  as  much 
as  is  contained  in  a  cwt.  of  bone-dust — while  with  the 
second  you  would  only  add  11  lbs.  In  so  far  as  their 
effects  upon  the  land  depend,  or  are  influenced  by  the 
presence  of  this  substance,  therefore,  they  must  also  be 
vei^  different.     And 

Fourth — that  the  mechanical  effects  of  these  marls  upon 
the  soil  to  which  they  are  added,  roust  be  very  unlike, 
since  some  contain  70  or  80  lbs.  of  sand,  in  every  hundred 
—while  others  contain  a  considerable  quantity  of  clay. 
The  opening  efEbcts  of  the  one  marl,  and  the  stiffening 
effects  of  the  other,  when  they  are  laid  on  in  large  quanti- 
ties, cannot  fail  to  produce  very  different  alterations  in 
the  physical  characters  of  the  soil. 

20.  Shell  Sand.^The  sands  that  skirt  the  shores  of  the 
sea  are  found  in  many  localities  to  be  composed,  in  large 
proportion,  of  the  fragments  of  broken  and  comminuted 
shells.  These  form  a  calcareous  sand,  mixed  occasionallv 
with  portions  of  animal  matter,  and,  when  taken  fresh 
from  the  sea-shore,  with  some  saline  matter  derived  from 
the  sea. 

Such  is  the  case  in  many  places  on  the  coast  of  Com- 
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wall.  From  these  spots  the  sand  is  transported  to  a  dis- 
tance of  many  miles  into  the  interior  for  the  purpose  of 
being  laid  upon  the  land.  It  has  been  estimated*  that 
seven  millions  of  cubic  feet  are  at  present  employed  ewery 
year  in  that  county  for  ihis  purpose. 

On  the  western  coast  of  Scotland  also,  and  on  the  shores 
of  the  island  of  Arran  and  of  the  Western  Isles,  thia  shell 
sand  abounds,  and  is  applied  extensively,  and  with  re- 
markably beneficial  ef&cts,  both  to  the  pasture  lands  mod 
to  the  peaty  soils  that  cover  so  large  an  area  in  this  remote 
part  of  Scotland.  It  is  chiefly  along  the  coasts  that  it  has 
hitherto  been  extensively  employed,  and  it  is  transported 
by  sea  to  a  distance  of  80  or  100  miles.  "  In  the  island 
of  Barray  alone,  there  are  four  square  miles  of  shells  and 
shell  sand  of  the  finest  quality  and  of  an  indefinite  depth. "t 
When  covered  with  a  dressing  of  this  shell  sand  the -peaty 
surface  becomes  covered  with  a  sward  of  delicate  grass— 
and  the  border  of  green  herbage  that  skirts  the  shores  of 
these  islands  in  so  many  places  is  to  be  ascribed  either  to 
the  artificial  application  of  such  dt'essing  or  to  the  nataral 
action  of  the  sea  winds  in  strewing  the  fine  sand  orer 
them,  when  seasons  of  storm  occur. 

The  coast  of  Ireland  is  no  less  rich  in  such  sand  in 
many  paits  both  of  its  northern  and  southern  coasts.  A 
century  and  a  half  ago,  it  is  known  to  have  been  used  for 
agricultural  purposes  in  the  north  of  Ireland — and  nearly 
as  long  ago  to  have  been  brought  over  to  the  opposite 
(Galloway)  coast  of  Scotland  with  a  view  of  being  applied 
to  the  land  (Macdouald).  In  the  south,  according  to  Mrs. 
Hal  1 4  the  coral  sand  raised  in  Ban  try  Bay  alone  produces 
<£4000  or  c€d00O  a-year  to  the  boatmen  who  procure  it 
and  to  the  peasants  who  convey  it  up  the  country. 

On  the  coasts  of  France,  and  especially  in  Britany,  op- 
posite to  Cornwall  on  the  other  side  of  the  English  cbeonel. 
It  is  obtained  in  large  qaantity,  and  is  in  great  demend.f 

*  De  1ft  Baehe*!  GtoUmad  Report  on  CormiwZZ,  ^c^  p.  4S0, 
t  JMacdopald't  AgricuUumL  Suney  of  the  Hebridet.  p.  401. 
t  M«.  Hairs  Irdand. 

^  Payen  and  BoiuaingauU.  Annala  de  Ckim.  etdePkf$.^  third  mrmm,  vn^ 
p  9S. 
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It  is  applied  to  the  clay  soils  and  to  marshy  grass  lands 
with  much  advantage,  and  is  carried  far  inland  for  this 
purpose.  It  is  there  called  trez,  and  is  laid  on  the  land 
at  the  rate  of  10  to  15  tons  per  acre.  On  the  southern 
coasts  of  France,  where  shell  sand  is  met  with,  it  is  known 
by  the  name  of  fanque  or  taitgue. 

The  shell  sand  of  Cornwall  contains  from  40  to  70  per 
cent,  of  carbonate  of  lime,  with  an  equally  vaiiable  small 
admixture  of  animal  matter  and  of  sea  salt.  The  rest  is 
chiefly  siliceous  sand.  Other  varieties  have  a  similar  com- 
position. I'wo  specimens  of  tongue  from  the  south  of 
France,  analysed  by  Vitalis,  and  ono  of  shell  sand  from 
the  island  of  Isla,  partially  examined  by  myself,  consisted 
of 
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Sand,  chiefly  siliceous    - 
Alumina  and  Oxide  of  Iron 
Carbonate  of  Lime    -    - 
Phosphate  of  Lime    -    - 
Water,  and  loss    -    -    • 


Tanf  ue,  from  the 
South  of  Frmace. 


Shell  Sand, 
from  I»ltt. 
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3^.  Coral  Sand  is  similar  in  its  nature  to  the  shell  sand 
with  which  it  is  often  intermixed  on  the  sea-shore.  It  is 
collected  in  considerable  quantities,  however,  by  the  aid 
of  the  drag — being  torn  up  by  the  fishermen  in  a  living 
state — on  the  coasts  of  Ireland  (Bantry  Bay  and  else- 
where), and  on  the  shores  of  Britany,  especially  near  the 
mouths  of  the  rivers.  In  this  fresh  state  it  is  preferred  by 
the  farmer,  probably  because  it  contains  both  more  saline 
and  more  animal  matter.  This  animal  matter  enables  it 
to  unite  in  some  measure  the  beneficial  effects  which  fol* 
low  from  the  application  of  marl  and  of  a  small  dressing 
of  farm-yard  or  other  valuable  mixed  manure. 

Pa^en  and  Boussingault  ascribe  the  principal  efficacy 
of  the  shell  and  coral  sands  to  the  small  quantity  of  animal 
matter  which  is  present  in  them.  These  chemists  estimate 
the  relative  manuring  powers  of  different  substances  ap- 
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plied  to  the  land  by  the  quantities  of  nitrogen  which  they 
severally  contain,  and  thus,  compared  with  farm-yard  mm* 
nure,  attribute  to  the  shell  and  coral  sands  the  following 
relative  values :-»— 


100  lbs.  of  Farm-yard  Manure  -    - 
...     of  Coral  Sand  (Merl)    -    - 
-  -  -     of  Shell  Sand  (TVex)   -    - 

Conuin  of 
NitrofeD. 

ReUtirt 
vmlM*. 

040    lbs. 
0512  lbs. 
Old    lbs. 

100 
129 

1    321* 

That  is  to  say,  that,  in  so  far  as  the  action  of  these  sab- 
stances  is  dependent  upon  the  nitrogen  they  contain,  fresh 
coral  sand  is  nearly  one-third  more  valuable  than  farm- 
yard manure,  while  fresh  shell  sand  is  only  equal  in  virtue 
to  one-third  of  its  weight  of  the  same  substance. 

Though,  as  I  have  already  had  frequent  occasion  to  ob- 
serve to  you,  much  weight  is  not  to  be  attached  to  such 
methods  of  estimating  the  relative  values  of  manuring 
substances  by  the  proportions  of  any  one  of  the  ingre- 
dients they  happen  to  contain — yet  the  fact,  that  so  much 
animal  matter  is  occasionally  present  in  the  living  corals, 
accounts  in  a  satisfactory  manner  for  the  immediaU  effecxs 
of  this  form  of  calcareous  application.  This  animal  malt- 
ter  acts  directly  and  during  the  first  year ;  the  carbonate 
of  lime  begins  to  show  its  beneficial  influence  most  dis- 
tinctly when  two  or  three  years  have  passed. 

4^.  Lime-stone  Sand  and  Crravel. — In  countries  ^vbicb 
abound  in  lime-stones,  there  are  found  scattered  here  and 
there,  in  the  hollows  and  on  the  hill  sides,  banks  and 
heaps  of  sand  and  gravel,  in  which  rounded  particles  ot 
lime-stone  abound.  These  are  distinguished  by  the  names 
of  lime-stone  sand  and  gravel,  and  are  derived  from  the 
decay  or  wearing  down  of  the  lime-stone  and  other  rocks 
by  the  action  of  water.  Such  accumulations  are  frequent 
in  Ireland.  They  are  indeed  extensively  diffused  over 
the  surface  of  that  island,  as  we  might  expect  in  a  country 
abounding  so  much  in  rocks  of  mountain  lime-stone.  In 
the  neighbourhood  of  peat  bogs  these  sands  and  gravels 


*  Atmaleg  de  Chim.  et  de  Pky$.,  third  terieg^  iii.  p.  109. 
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are  a  real  blessing.  They  are  a  ready,  most  useful,  and 
largely  employed  means  of  improvement,  producing,  upon 
arable  land,  the  ordinary  effects  of  liming,  and,  when 
spread  upon  boggy  soils,  alone  enabling  it  to  grow  sweet 
herbage  and  to  afford  a  nourishing  pasture.  The  propor- 
tion of  carbonate  of  lime  these  sands  and  gravels  contain 
is  very  variable.  I  have  examined  two  varieties  from 
Kilfinane,  in  the  county  of  Cork(]).  The  one,  a  yellow 
sand,  contained  26  per  cent,  of  carbonate  of  lime — the 
residue,  being  a  fine  red  sand,  chiefly  siliceous ;  the  other, 
a  fine  gravel  of  a  grey  colour,  contained  40  per  cent,  of 
carbonate  of  lime  in  the  form  chiefly  of  rounded  fragments 
of  blue  lime-stonoy  the  residue  consisting  of  fragments  of 
sand'Stone,  of  quartz,  and  of  granite. 

The  application  of  such  mixtures  must  not  only  improve 
the  physical  characters  of  the  soil,  but  the  presence  of  the 
fraements  of  granite,  containing  undecoroposed  felspar 
and  mica  (Part  II.  p.  376),  must  contiibute  materially  to 
aid  the  fertilizing  action  of  the  lime-stone  with  which  Uiey 
are  mixed. 

6^,  Crushed  Lime'tUme^ — The  good  effects  of  calcareous 
marls  and  of  lime-stone  gravels  naturally  suggest  the 
crushing  of  lime-stones  as  a  means  of  obtaining  carbonate 
of  lime  in  so  minute  a  state  of  division  that  it  may  be  use- 
fully applied  to  the  soil.  Lord  Rames  was,  I  believe,  the 
first  who  in  this  country  endeavoured  to  bring  this  sug- 
gestion into  practical  operation.  He  is  said  to  have 
caused  machinery  to  be  erected  fur  the  purpose  in  one  of 
the  remotest  districts  of  Scotland,  but  from  some  cause 
the  plan  seems  never  to  have  obtained  a  proper  trial. 

One  of  the  results  which,  as  we  have  already  seen,  fol- 
lows from  the  burning  of  rich  lime  is  this,  that  it  naturally 
falls  to  a  very  fine  powder  as  it  slakes.  Where  coal  or 
other  combustible  is  cheap,  therefore,  it  may  possibly  be 
reduced  to  a  fine  powder  by  burning,  at  a  less  cost  than  i| 
could  be  crushed. 

Yet  there  are  two  cases  or  conditions  in  which  crushing 
might  be  resorted  to  with  equal  advantage  and  economy. 

I'irHy  where  coal  is  dear  or  remote,  while  lime-stones 
and  water  power  are  abundant.    There  are  many  inland 
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districts  in  each  of  the  three  kingcloms  where  these  con- 
ditions exist,  and  in  which,  therefore,  the  erection  of  cheap 
machinery  might  afford  the  means  of  greatly  fertilizing 
the  land ;  and 

Second, — There  are  in  many  localities  rocks  rich  in  cal- 
careous matter,  which  are  nevertheless  so  impure,  or  con- 
tain so  much  other  earthy  matter,  that  they  cannot  be 
humed  into  lime.  Yet,  if  crushed,  these  same  masses  of 
rock  would  form  a  valuable  dressing  for  the  land.  Many 
lime-stones  of  this  impure  character,  which  are  really  use- 
less for  building  purposes — which  do  not  fall  to  powder 
when  burned,  ana  which  have,  therefore,  been  hitherto 
neglected  as  useless — might,  by  crushing,  be  made  exten- 
sively available  for  agricultural  purposes.  The  siliceous 
lime-stones  (corn-stones)  of  the  old  red  sandstone,  the 
earthy  beds  of  the  mountain  lime-stone^  and  many  of  the 
calcareous  strata  of  the  silurian  system  might  thus  he  made 
to  improve  more  extensively  the  localities  in  which  they 
are  severally  met  with.  The  richer  limes  now  brought 
from  a  great  distance,  and  at  much  expense — as  on  the 
Scottish  borders — might  be  in  a  great  measure  superseded 
by  the  native  produce  of  the  district. 

§  6.  Effects  of  marl  and  of  the  coral,  shell,  and  limestone 

sands  upon  the  soil. 

The  effects  which  result  from  the  application  of  the 
above  natural  forms  of  carbonate  of  lime  are  of  two  kinds. 

I*'.  Thw physical,  effect  in  altering  the  natural  texture 
of  the  soils  to  which  they  are  added.  This  effect  will 
necessarily  vary  with  the  nature  of  the  earthy  matter  asso- 
ciated with  the  lime.  Thus  the  clay  marls  will  improve, 
by  stiffening,  such  soils  as  are  light  and  sandy — the  shell 
sands  and  lime-stone  gravels,  by  opening  and  rendering 
more  free  and  easier  worked  such  soils  as  are  stiff,  intrac- 
table, and  more  or  less  impervious — while  either  will  im- 
part solidity  and  substance  to  such  as  are  o£  a  peaty  natme 
or  over-abound  with  other  forms  of  vegetable  matter. 

2^,  Their  chemical  effect  in  actually  rendering  the  soil 
productive  of  larger  crops.  This  effect  is  altogether  inde- 
pendent of  any  alteration  in  the  physical  properties  of  the 
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soil,  and  is  nearly  the  same  in  kind,  whatever  be  the  va- 
riety of  marl,  &c.,  we  apply.  It  differs  in  degree,  chiefly 
according  to  the  proportion  of  calcareous  matter  which 
each  variety  contains.  This  action  of  the  pure  carbonate 
of  lime  they  contain  is  supposed  to  be  modified  in  some 
cases  by  the  proportion  of  phosphate  of  lime,  &c,  (Part  III. 
p.  104)  with  which  it  may  be  mixed — it  is  certainly  modi- 
fied by  the  animal  and  saline  matters  which  are  present  in 
the  irecent  corals  and  shell  sands. 

The  several  effects  of  marl  and  calcareous  sands  being 
dependent  upon  circumstances  so  different,  it  is  not  sur- 
prising that  the  opiuicms  of  practical  men  should,  in  former 
times,  have  been  divided  in  regard  to  the  action  of  this  or 
that  marl  upon  their  respective  soils.  In  no  two  localities 
was  the  substance  applied  to  the  land  exactly  alike,  and 
hence  unlike  results  must  necessarily  have  followed,  and 
disappointment  been  occasionally  experienced  from  their  < 
use.  And  yet  the  importance  of  rightly  understanding 
the  kind  and  degree  of  effect  which  these  manuring  sub- 
stances ought  to  produce  may  be  estimated  from  the  factv 
that  a  larger  surface  of  the  cropped  land  in  Europe  is  im* 
proved  by  the  assistance  of  calcareous  marls  and  sands-— 
than  by  the  aid  of  burned  lime  and  of  farm-yard  manure 
put  together. 

It  is  not  easy  in  any  case  to  estimate  with  precision 
what  portion  of  the  effect  caused  by  a  given  marl  is  due 
to  its  chemical  and  what  to  its  physical  action.  Even  the 
pure  limes,  when  applied  in  large  doses,  produce  a  change 
in  the  texture  of  the  soil,  which  on  stiff  lands  is  beneficial, 
and  on  lighter  sandy  fields  often  injurious.  In  all  cases^ 
therefore,  the  action  of  lime  applied  in  any  form  may  be 
considered  as  partly  physical  and  partly  chemical— -the 
extent  of  the  chemical  action  in  general  increasing  with 
the  proportion  of  lime  which  the  kind  of  calcareou  s  mat 
ter  employed  is  known  to  contain. 

The  observed  effects  of  marls  and  shell  sands,  in  so  far 
as  they  are  chemical,  are  very  analogous  to  those  produced 
by  lime  as  it  is  generally  applied  in  the  quick  or  slaked 
state  in  so  many  parts  of  our  islands. 

They  alter  the  nature  and  quality  of  the  grasses  when 


112      OF  THE  VBE   OP  CHALK  A8  A  MANURB. 

applied  to  pasture — they  cover  even  the  undrained  bog 
with  a  short  rich  grass — they  extirpate  heath,  aod  bent, 
and  useless  moss — they  exterminate  the  weeds  which  in- 
fest the  unlimed  corn  fields — they  increase  the  quantity 
and  enable  the  land  to  grow  a  better  quality  of  com — 
they  manifest  a  continued  action  for  many  years  after  they 
have  been  applied — like  the  purer  limes  they  act  more 
energetically  if  aided  by  the  occasional  addition  of  other 
manure — and  like  them  they  finally  exhaust*  a  soil  from 
which  successive  crops  are  reaped,  without  the  requisite 
return  of  decaying  animal  or  vegetable  matter. 

But  to  these  and  other  effects  I  shall  have  occasion  to 
draw  your  attention  more  paiticularly  in  a  subsequent  part 
<^the  present  lecture^ 

§  7.  Cff  the  use  of  chalk  a#  a  manure. 

Chalk  is  another  form  of  carbonate  of  lime  which  ocean 
very  abundantly  in  nature,  and  which,  from  its  softness^ 
has  in  many  parts  of  England  been  extensively  applied  to 
the  land  in  an  unbumed  state. 

The  practice  of  chalking  prevails  more  or  less  exten- 
sively in  all  that  part  of  England  (Part  II.,  p.  357)  over 
which  the  chalk  formation  extends.  It  is  usually  dug  up 
from  pits  towards  the  close  of  the  autumn  or  the  beginning 
of  winter,  when  fuU  of  water,  and  laid  upon  the  land  in 
heaps.  During  the  winter's  frost  the  lunkps  of  chalk  fiiU 
to  pieces  and  are  readily  spread  over  the  fields  in  spring. 
The  quantity  laid  on  varies  with  the  quality  of  the  soil 
and  of  the  chalk  itself,  and  with  the  more  or  less  perfect 
crumbling  it  undergoes  during  the  season  of  winter,  and 
with  the  purpose  it  is  intended  to  serve.  It  gives  tenacity 
and  closeness  to  gravelly  soils,t  opens  and  imparts  freeness 
to  stiff  clays,  and  adds  firmness  to  such  as  are  of  a  sandy 
nature. 

If  a  physical  improvement  of  this  kiud  be  required,  it 

*  Of  ehell  marl  the  same  quantity  exhaasti  looner  than  clay  mail 
(Karnes).  This  is  owing  chiefly  to  the  larger  proportiea  of  lime  ooniained 
in  the  fonner. 

t  Mr.  Gawler.  North  Hampshire,  atates  thai  a  gravel  thna  atiffeoed,  in- 
atead  of  13  to  16  buahels  of  wheat,  yielded  aftenmids  84  to  30  bnahela.^ 
ArditA  HttfftoM&y,  i.,  p.  28a 
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is  laid  on  at  the  rate  of  from  400  to  1000  bushels  an  acre 
Bat  some  chalks  contain  much  more  clay  than  otiiers,  and 
are  employed,  therefore,  in  smaller  proportions. 
•  For  the  improvement  of  coarse,  sour,  marshy  pasture, 
it  is  applied  at  the  rate  of  150  to  250  bushels  an  acre,  and 
speedily  brings  up  a  sweet  and  delicate  herbage.  It  is 
also  said  to  root  out  sorrel  from  lauds  that  are  infested 
with  this  plant. 

These  effects  are  precisely  such  as  usually  follow  from 
the  application  of  marl,  and,  like  mari,  the  repetition  of 
chalk  exhausts  the  land,  if  manure  be  not  afterwards  a  dded 
to  it  in  sufficient  quantity. 

But  the  chalking  of  the  Southern  Downs  and  o£  the 
Wolds  of  Lincolnshire  and  Yorkshire  would  appear  to 
differ  in  some  respects  from  ordinary  marling.  On  the 
thin  soils  immediately  resting  upon  the  chalk,  experience 
has  shown  that  repeated  dressings  of  chalk,  recently  dug 
up,  may  be  applied  with  much.benefiL  To  a  stranger,  also 
it  appears  singular  that  an  admixture  of  that  chidk  which 
lies  immediately  beneath  the  soil  is  not  productive  of  tha 
same  advantage.  Even  the  chalk  of  an  entire  district  i$, 
in  some  cases,  rejected  by  the  farmer,  and  he  will  rather 
bring  another  variety  from  a  considerable  distance,  than 
incur  the  less  expense  of  laying  on  his  land  that  which  is 
met  with  on  his  own  or  on  his  neighbour's  farms.  Thus 
the  Suffolk  farmers  prefer  the  chalk  of  Kent  to  lay  on 
their  lands,  and  are  at  the  cost  of  bringing  it  across  the 
estuary  of  the  Than^es,  though  chalk  rocks  lie  almost 
every  where  around  and  beneath  them. 

The  cause  of  the  diversities  which  thus  present  them* 
selves  in  the  practice  of  experienced  agriculturists  is, 
partly  at  leant,  to  be  sought  for  in  the  qualities  of  the  dif- 
ferent varieties  of  chalk  employed.  Careful  analyse^ 
have  not  yet  shown  in  what  respects  these  chalks  differ  iu 
chemical  constitution,  and  until  this  is  ascertained  we 
must  remain  in  some  measure  in  the  dark,  both  as  to  the 
way  in  which  a  dressing  of  chalk  acts  in  improving  a  soil. 
already  rich  in  chalk,  and  why  chalk  from  one  locality 
should  act  so  much  more  beneficially  than  another. 

With  one  thing,  however,  we  are  familiar,  that  the. 
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upper  beds  of  cbalk  abound  in  flint,  and  where  they  form 
the  surface  support  a  thia  and  scanty  herbage — while  the 
under  chalks  are  more  tenacious  and  apparently  more  rich 
in  clay,  and  support  generally  a  soil  which  yields  valuabla 
crops  of  com.  An  admixture  of  the  lower,  therefore, 
ought  to  improye  the  soils  of  the  upper ;  and  as  the  chalks 
of  Kent  consist  of  these  lower  beds,  we  can  understand 
why  the  practical  fanner  in  Suffolk  should  prefer  them  to 
the  upper  chalks  of  his  own  neighbourhood.  Still  we 
cannot,  as  yet,  give  the  scientific  reason  why  the  one  chalk 
should  be  better  than  the  other.  A  rigorous  chemical 
analysis  can  alone  determine  with  certainty  why  the  one 
should  produce  a  different  effect  from  the  other. 

Chalks  may  differ  in  the  proportion  of  clay  or  of  or- 
ganic matter  with  which  they  are  associated^in  the 
quantity  of  silica  (the  substance  of  flints)  or  of  silicates 
they  contain,— in  the  amount  of  magnesia  or  of  phosphate 
of  lime  which  can  be  detected  in  them— or  of  saline  mat- 
ter which  a  careful  examination  will  discover, — and  they 
may  even  differ  physically  in  the  fineness  of  the  ultimate 
particles  of  which  the  substance  of  the  chalk  is  com- 
posed.^ All  such  differences  may  modify  the  action  of 
the  several  varieties  in  such  a  way  as,  when  accurately 
investigated,  to  enable  us  to  account  for  the  remarkable 
preference  manifested  by  practical  men  lor  the  one  over 
the  other.  Until  such  an  investigation  has  been  carefully 
made,  it  is  unfair  hastily  to  class  among  local  prejudices 
what  may  prove  to  be  the  results  of  long  practical  ex- 
perience. 

On  the  chalk  Wolds  of  Lincolnshire  and  Yorkshire  the 
practice  of  chalking  even  the  thin  soils  is  now  compara- 
tively old  in  date.  The  lowest  chalks  are  there  also  temch 
preferred, — they  are  laid  on  at  the  rate  of  60  to  80  cubic 
yards  per  acre,  and  they  cause  a  great  improvement,  es- 
pecially upon  the  d^  lands,  as  they  are  called,  where  the 
soil  is  deepest.  Com  does  not  yield  so  well,  nor  ripen  ao 
early,  on  these  deep  soils  as  where  a  thinner  corenmg 

*  Ehrenberg  has  ditooyered  that  chalk  it  in  a  great  meaaora 
«f  tha  akalatou,  ihtUat  or  otliar  amvial  (ipofls)  of  BHm»  " 
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rests  upon  the  chalk.  It  is  naturally  also  unfit  for  barley 
or  turnips,  the  latter  plant  being  especially  infested  with 
the  disease  called  fingers  and  toes*  (Strickland).  But  a 
heavy  chalking  removes  all  the  above  defects  of  these 
deep  soils,  and  for  a  long  period  of  time.  The  com 
ripens  sooner,  is  larger  in  quantity,  and  better  in  quality, 
and  the  turnips  grow  perfectly  free  from  disease. 

These,  however,  are  to  be  regarded  as  only  the  usual 
effects  of  a  large  addition  of  lime  to  a  soil  in  which  pre* 
viously  little  existed.  It  is  a  fact  which  will  naturally 
strike  you  as  remarkable,  that  soils  which  rest  upon  chalk, 
as  well  as  upon  other  liroe-stone  rocks,  even  at  the  depth 
of  a  few  inches  only,  are  often,  and  especially  when  in  b 
state  of  nature,  so  destitute  of  lime  that  not  a  panicle  can 
be  detected  in  them.  That  lime  in  any  form  should  benefit 
such  soils  is  consistent  with  uniform  experience.  I  shall 
presently  have  an  opportunity  of  directing  your  attention 
to  the  ttifo  concurring  causes  by  the  joint  operation  of 
which  lime  is  sooner  or  later  wholly  removed  from  the 
doil,  even  where,  as  in  the  Wolds,  it  rests  immediately 
upon  the  chalk. 

§  8.  Is  lime  indispensable  to  ikeJertQityqfihe  soil  ? 

It  is  the  result  of  universal  experience  wherever  agri- 
culture has  been  advanced  to  the  state  of  an  art,  that  the 
presence  of  lime  is  useful  to  the  soil.  Not  only  is  this 
fact  deduced  from  the  result  of  innumerable  applications 
of  this  substance  to  lands  of  every  quality,  but  it  is  esta- 
blbhed  also  by  a  consideration  of  the  known  chemical 
constitution  of  soils  which  are  naturally  possessed  of  unlike 
degrees  of  fertility. 

Thus  sandy  or  siliceous  soils  are  more  or  less  barren  if 
linoie  be  absent — while  the  addition  of  this  substance  in  the 
form  of  n^ari  or  otherwise  renders  them  susceptible  of  cul« 
tivatioU;.  So  clay  soils,  in  which  no  lime  can  be  detected, 
are  often  at  once  changed  in  character  by  a  sufficient  li* 
xning.  Felspar  soils  contain,  no  lime,  and  they  are  bari 
ren — and  the  same  is  true  of  such  as  are  derived  immedin 
s^tely  from  the  degradation  of  the  serpentine  rocks^ 
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Trap  soils,  on  the  other  hand — such  as  are  deriTed  from 
decayed  basalts  or  green-stones^are  poor  in  proportion 
as  felspar  abounds  in  them.  Where  augiCes  and  zeolites 
are  present  in  large  proportion  in  the  trap  from  which  thej 
^  are  formed,  the  soils  are  rich,  and  may  even  be  used  as 
marl.  The  only  difference  in  this  latter  case  is,  that  lime 
is  not  deficient  (Part  II.  p.  388), — and  to  this  difference 
the  greater  fertility  may  fairly  be  ascribed. 

But  let  it  be  conceded  that  lime  is  useful  to  or  benefits 
the  soil  in  which  it  exists,  you  may  still  ask — ^is  lime  »• 
dispensable  to  the  soil  t — is  it  impossible  for  even  an  are- 
rage  fertility  to  be  manifested  where  lime  is  entirely  ab- 
sent 1 

There  are  two  different  considerations,  from  each  of 
which  we  may  deduce  a  more  or  less  satisfactory  answer 
to  this  question. 

10.  The  results  of  all  the  analyses  hitherto  made  of 
soils  naturally  fertile  show  that  lime  is  universally  present. 
The  per-centage  of  lime  in  a  soil  may  be  very  small,  yet 
it  can  always  be  detected  when  raluable  and  healthy  crops 
will  grow  upon  it.     Thus  the  fertile  soil  of  the 

PeroenL 

Marsh  lands  in  Holstein  contains  0*2  of  carbonate  of  lime. 
Salt  Marsh  in  East  Friesland        0*6         .... 
Rich  pasture  near  Durham  1*31       .  •  .  . 

But  though  the  per-centage  of  lime  in  these  cases  ap- 
pears small,  the  absolute  quantity  of  lirae  present  in  the 
land  is  still  large.  Thus  suppose  the  first  of  these  soils, 
which  contains  the  least,  to  be  only  six  inches  in  depth, 
and  each  cubic  foot  to  weigh  only  80  Ibs.-^it  would  con- 
tain about  3500  lbs.  of  carbonate  of  lime,  upwards  of  a 
ton  and  a  half,  in  every  acre.  And  this  lirae  would  be 
intimately  mixed  with  the  whole  soil,  in  which  state  it  18 
always  most  effective  in  its  operation.  It  may  also  be  in- 
ferred with  safety,  that  if  the  upper  six  inches  contained 
this  proportion  of  lime,  the  under  soil  would  probably  be 
richer  still,  since  lime  tends  not  so  much  to  diffuse  itself 
through,  as  to  sink  downwards  into  the  soil. 

2°.  The  results  of  all  the  chemical  examinations  bith- 
erlQ.  made  in.  regard  to  the  nature  of  die  inorganic  matter 
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contained  in  the  sap  and  substance  of  plants  indicate, — if 
not  the  absolute  necessity  of  lime  to  the  growth  of  plants, — 
I  at  least  that  in  nature  all  cultivated  plants  do  absorb  it  by 

I  their  roots  from  the  soil,  and  make  use  of  it  in  some  way 

I  in  aid  of  their  growth.     In  so  far  as  our  practice  is  con- 

I  cemedi  this  is  very  much  the  same  as  if  we  could  prove 

I  lime  to  be  absolutely  indispensable. 

The  ash  of  the  leaf  and  bulb  of  the  turnip  or  potato,  of 
I  the  grmn  and  straw  of  our  corn-bearing  plants,  and  of  the 

i  stems  and  seeds  of  our  grasses,  all  contain  lime  whenever 

and  wherever  they  are  grown.     And  most  of  them  attain 
I  high  health  and  luxuriance  only  where  lime  is  easily  at- 

tained. 

Grant,  then,  that  lime  appears  to  be,  perhaps  virtually 

is,  a  necessary  food  of  plants,  without  which  their  natural 

health  cannot  be  maintained,  nor  functions  discharged, — 

,  still  the  quantity  which  must  be  present  in  the  soil  to  sup- 

.  ply  this  K>od  is  not  necessarily  large.     Even  in  favourable 

circumstances  we  have  seen  (Part  II.  326)  that  the  ave- 

^  rage  crops  during  an  entire  rotation  of  four  years  may 

not  carry  off  more  than  250  lbs.  of  lime  from  the  acre  of 

land,  a  quantity  which  even  the  marsh  soils  of  Holstein 

would  be  able  to  supply  for  half  a  century,  could  the 

roots  readily  make  their  way  into  every  part  of  the  soil. 

Still  we  may  safely  hold,  I  think,  that  this  quantity  of 
lime  at  least  is  indupensahte^-^if  cultivated  plants  are  to 
flourish  and  ripen.  So  much,  at  leasi,  must  in  practice  be 
every  year  added  to  cultivated  land  in  one  form  or  ano- 
ther, where  the  crops  are  in  whole  or  in  part  canied  off 
the  land.  Where  it  is  not  added  either  artificially  or  by 
some  natural  process,  infertility  must  gradually  ensue. 
We  shall  presently  see  that  lime  has  other  functions  to 
perform  in  the  soil,  and  that  there  are  natural  causes  in 
constant  operation  in  our  climate  which  render  a  larger 
addition  than  this  desirable  at  least,  if  not  indispensable  to 
continued  fertility. 

§  9.  Siate  of  camhinatum  in  which  lime  exisU  in  the  saiL 

This  lime,  which  we  have  concluded  to  be  an  tndispen* 
sable  constituent  of  fertile  soils,  may  be  present  in  several 
distinct  states  of  combination. 
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1^.  In  that  (^  chloride  of  calcium. — This  compound,  as 
we  have  already  seen  (Part  II.  p.  286),  is  very  soluble  in 
water,  and  is  not  unfrequently  to  be  detected  in  the  sap, 
especially  of  the  roots  of  plants.  Its  solubility,  bowever, 
exposes  it  to  be  readily  washed  out  of  the  soil  by  the  rains, 
and  perhaps  for  this  reason  it  is  not  one  of  those  forms  of 
combination  in  which  lime  is  recognised  as  a  uniform  or 
necessary  constituent  of  the  soil  Its  presence  may  be 
detected  by  boiling  half  a  pound  of  the  soil  in  distilled 
water,  filtering  and  evaporating  the  solution  to  dryness. 
If  the  dry  mass  become  moist  on  exposure  to  the  air,  and 
if,  after  being  dissolved  in  water,  it  give  a  white  precipi- 
tate with  oxalate  of  ammonia,  and  after  being  rendered 
sour  by  a  few  drops  of  nitric  acid,  a  white  precipitate  again 
with  nitrate  of  silver,  it  may  be  inferred  to  contain  chloride 
of  calcium. 

2o.  In  that  of  ndphate  of  lime  or  gypsum, — ^In  this  state 
also  it  is  not  a  constant,  and  in  a  few  cases  only  an  abund- 
ant, constituent  of  the  soiL  Its  presence  may  be  de* 
tected  by  the  deposition  of  minute  crystals  on  tbe  sides  of 
the  vessel  during  the  evaporation  of  the  solution  obtained 
by  boiling  the  soil  in  distilled  water.  Or,  its  presence 
may  be  inferred  if,  after  observing  that  oxalate  of  ammonia 
causes  a  precipitate  in  one  small  portion  of  the  solution,  it 
be  found  that  nitrate  of  baryta  also  throws  down  a  white 
precipitate  from  another  small  portion. 

3^.  Jk  the  state  of  phosphate — This  compound  is  pro- 
bably present,  though  always  in  small  proportion,  in  every 
soil  which  is  capable  of  raising  a  nutritious  vegetation. 
It  may  be  readily  detected  by  treating  500  g^ins  of  the 
dry  soil  for  t2  hours  with  dilute  muriatic  acid,  and  occa- 
sionally stirring.  If  to  the  filtered  solution  caustic  am- 
monia be  added,  a  brownish  precipitate  will  usually  fall. 
If  this  precipitate  be  separated,  and  treated  with  acetic 
acid  (vinegar),  it  will  all  dissolve  if  no  phosphoric  acid  be 
present.  If  this  experiment  be  carefully  performed,  and 
a  residue  remain  undissolved,  the  presence  of  phosphoric 
acid  in  the  solution,  and  of  phosphate  of  lime  in  the  soil, 
may  be  safely  inferred. 

40.  In  the  state  of  silicate,  lime  rarely  exists  in  the  smi  in 
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any  considerable  qaantity.  It  is  cbiefly  in  such  as  are  de- 
rived from  the  decay  ofihe  trap  rocks  or  of  some  varieties 
of  granite  (Sienite),  that  silicate  of  lime  b  to  be  expected 
to  occur. 

If,  after  being  treated  with  dilute  sulphuric  acid,  as 
above  described,  the  soil  be  digested  for  some  hours  at  a 
gentle  heat  with  concentrated  muriatic  acid — a  solution 
will  be  obtained  from  which  ammonia  will  again  throw 
down  a  brown  precipitate.  If  oxalate  of  ammonia  now 
cause  a  white  precipitate  of  oxalate  of  lime,  and  if,  on 
evaporating  to  dryness,  the  solution  leave  a  portion  of  silica 
insoluble  in  acids,  we  may  infer  that  the  soil  most  probably 
contains  some  lime  in  the  state  of  silicate. 

5<^.  J&i  the  state  of  carbonate,  lime  is  generally  supposed 
most  usually  to  exist,  and  most  abundantly  in  all  soils.  If 
on  pouring  dilute  muriatic  acid  upon  a  soil,  a  visible  effer- 
vescence or  escape  of  minute  bubbles  of  gas  manifest  it- 
self, or  if,  when  the  experiment  is  made  in  a  tube  closed 
at  one  end,  and  inverted  over  water  or  mercury,  bub- 
bles of  gas  collect  in  the  upper  end  of  the  tube — the 
soil  contains  $ome  carbonate,  if  afler  ammonia  has  been 
added  to  the  solution,  oxalate  of  ammonia  throws  down  a 
white  precipitate  of  oxalate  of  lime-^the  soil  contains  car- 
bonate of  lime, 

60.  In  the  state  of  humate. — In  combination  with  humic 
acid  (Fart  II.  p.  406)  lime  exists  most  frequently  in  soils 
which  abound  in  vegetable  matter — in  peaty  soils,  for  ex- 
ample, to  which  quick-lime  or  marl  of  any  kind  have  been 
added  for  the  purpose  of  agricultural  improvement.  The 
presence  of  lime  in  the  state  of  humate  is  only  to  be  de- 
tected by  carefully  determining  the  relative  weights  of  the 
carbonic  acid  given  off  during  the  action  of  dilute  muriatic 
acid  upon  the  soil,  and  of  the  lime  contained  in  the  solu- 
tion thus  obtained.*  If  for  every  100  grains  of  carbonic 
acid  there  be  more  than  77*24  grains  of  lime,  the  re- 
mainder or  excess  has  existed  in  the  soil  in  combination 
with  humic  or  some  analogous  organic  acid.t 

*  Bee  ADpendiz,  No.  Y. 

t  To  laoi  snskvoai  eeUe  bekng  Ibe  oreme  end  ipoenmie  meads  (Ptet  U. 
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Few  investigations  have  as  yet  been  made  in  regard jo 
the  proportion  of  lime  which  exists  in  the  soil  in  the  state 
of  humate.  It  has  generally  been  taken  for  granted-^^ei- 
ther  that  a  soil  was  destitute  of  lime  if  it  exhibited  no  sen- 
sible effervescence  with  dilute  muriatic  acid,^-or  when 
further  research  was  made,  and  the  quantity  of  lime  taken 
up  by  this  acid  rigorously  determined,  that  the  whole  of 
this  lime  must  have  existed  in  the  soil  in  the  state  of  car- 
bonate. That  this  is  not  necessarily  the  case,  however, 
appears  to  be  proved  by  some  recent  examinations  of  cer- 
tain soils  in  Normandy,  which  contain  as  much  as  14  to 
15  per  cent,  of  lime,  and  yet  exhibit  no  effervescence,  and 
contain  no  carbonate.  The  whole  of  the  lime  is  said  to 
be  in  the  state  of  humate. 

M.  Dubuc,  who  has  published  the  analyses  of  these  soils* 
attributes  much  of  their  fertility  to  the  presence  of  the  km- 
nuUe  of  lime.     Thus  he  says  that  the  soils  of 

CMiUioInf  per  c€Dt. 
or  Carbonate.     Of  Huoute.        TMds  of  WlNftt. 

^'and  si^''"^^^^  }  ^  ^^  '^  ^^  ^^  ^  ^^  ^"• 

Pavilli       ...  0             5                  8tol0... 

Bieville     -     -    -  24             0                 8  to  10... 

ClayofOuche    -  0            1                 4 to    5... 

the  first  two  yielding  a  wheat  crop  every  second  year,  the 
third  only  at  longer  intervals. 

Whatever  degree  of  influence  on  the  fertility  of  the  soil 
it  may  appear  proper  to  attribute  to  the  existence  of  lime 
in  the  soil  in  the  state  of  humate,  it  is  manifestly  of  some 
importance  that  its  presence  in  this  state  of  combination 
should  be  more  frequently  and  more  carefully  sought  after. 

The  only  one  of  the  above  compounds  which  is  UMuaZly 
added  to  the  land,  for  the  purpose  of  producing  the  ordi- 
nary effects  of  lime,  is  the  carbonate.  Gypsum  is  applied 
only  in  small  quantity  for  certain  special  purposes,  and 
does  not  always  produce  a  sensible  e&ct.  It  is  incapable, 
therefore,  of  performing  those  purposes  in  the  soil  which 


p.  406).    The  eziitence  of  theie  ftcidt  in  the  ioil  ie  by  no  meens 

etical.    According  to  ProfeMor  Hermann,  of  Moieow,  they  eiiat  in  th«  ri^ 

UackeoU  (Ttehonioi  Zem.)of  little  Eandi,  to  the  •mount  of  4 
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jare  senred  either  by  qnickJiioe  or  by  the  carbonUe.  The 
humate  of  lime  is  probably  formed  in  our  Htne  compoHs^ 
especially  when  much  vegetable  matter  is  contained  in 
.them,  and  may  thus  be  not  unfVequently  applied  directly 
to  the  land. 

§  10.  Of  the  quantity  <^  lime  tohich  ought  to  be  added  to 

the  soil. 

The  quantity  of  lime  which  ought  to  bo  added  to  the 
soil  is  dependant  upon  so  many  circumstances,  that  it  is 
impossible  to  state  any  genei:al  rule  by  which,  in  all  case8» 
the  practical  man  can  safely  regulate  his  procedure. 

1^.  To  soils  which  contain  no  lime,  or  to  which  it  is 
added  for  the  first  time,  a  larger  dose  must  be  given. 

We  have  seen  that  a  certain  minimum  portion  of  lime  is 
indispensable  to  a  productive  soil.  If  we  suppose  this 
smallest  quantity  to  be  no  greater  than  in  the  surface  of 
the  marsh  lands  of  Holstein  (Part  III.  p.  116), — then  with 
a  soil  six  inches  in  deptli — which  amtaint  no  limej  we  ought 
to  mix  a  ton  and  a  half,  say  40  bushels  of  slaked  lime,  and 
by  successive  yearly  additions  to  supply  the  annual  waste. 

But  to  mix  this  feeble  dose  of  lime  intimately  with  the 
soil  to  a  depth  of  six  inches  would  obviously  require  an 
expenditure  of  labour  which  the  practical  farmer  could 
rarely  afford.  It  would  be  greater  economy^  therefore,  in 
most  cases  to  add  a  dose  several  times  larger,  and  this  not 
only  because  the  same  amount  of  labour  would  diffuse  it 
more  generally  through  the  whole  soil,  but  because  this 
larger  liming  would  render  less  necessary  the  immediate 
addition  of  new  supplies  to  repair  the  unavoidable  waste. 

But  there  is  reason  to  believe  that  the  proportion  of 
lime  which  the  soil  ought  to  contain,  if  it  is  to  be  success- 
fully subjected  to  arable  culture,  ought  to  be  much  larger 
than  is  above  assumed  as  the  smallest  or  minimum  quan- 
tity. If  we  suppose  one  per  cent  to  be  necessary,  then 
eight  tons  of  lime-shells,  or  upwards  of  300  bushels  of 
slaked  lime,  must  be  mixed  with  a  soil  six  inches  in  depth, 
to  impait  to  it  this  proportion — or  half  the  quantity  if  it 
be  kept  within  three  inches  oi  the  surfacOi    Eveb  a  very 

11 
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large  dose  of  lime,  therefore,  does  not|  if  U  be  weil  mixed, 
aaaterially  alter  the  cunatitolion  of  the  soil. 

2o,  But  experience  baa  prored  that  the  quaatky  of  lime 
which  a  skilful  farmer  will  add  to  bis  land  will  vary  with 
many  other  circumstances  besides  the  depth  of  his  eoO, 
and  the  proportion  of  lime  it  already  contams.     Thus — 

a.  On  clay  lauds  more  lime  is  necessary  than  on  light 
and  sandy  soils.  This  may  be  partly  ascribed  to  the  phy- 
sical effect  of  the  lime  in  opening  and  loosening  tbe  sdff 
clay — ^but  independent  of  tkis  action  tbe  particles  of  lime 
are  liaUe  to  be  coated  over  and  euTeloped  by  tbe  fine  day, 
and  thus  shot  out  from  the  access  of  the  air.  These  par^ 
tides,  therefore,  must  be  more  nnmerooB  in  sndi  a  soil  if 
as  many  of  them  are  to  be  exposed  to  the  air  as  in  lighter 
land,  through  which  the  atmospheric  air  continually  per* 
meates. 

d.  On  wet  and  marshy  soils,  a  lai^er  application  still 
may  be  made  with  safety,  and  partly  for  the  same  reason. 

The  moisture  surrounding  the  lime  shuts  out  the  air, 
without  the  ready  access  of  which  lime  cannot  perform  its 
important  functions.  The  same  moisture  tends  to  carry 
down  the  lime  and  lodge  it  more  speedily  in  the  subsoil. 
Tbe  continued  eyaporation  also  keeps  such  soils  too  cold 
(Part  I.  p.  65) f  to  allow  the  chemical  changes,  which  lime 
in  favourable  circumstances  produces,  to  proceed  with  the 
requisite  degree  of  rapidity.  The  soluble  compounds 
which  are  formed  as  the  consequence  of  these  changes 
are,  in  wet  and  marshy  soils,  dissolved  by  tbe  moisture, 
and  so  diluted  as  to  enter  in  smaller  quantity  into  tbe 
roots  of  plants.  And  lastly,  in  certain  casee,  new  com- 
pounds of  the  lime  with  the  earthy  and  stony  matters  of 
the  soil  are  formed,  which  may  either  harden  into  risible 
lumps  of  mortar  and  cement,  or  into  smaller  particles  of 
indurated  matter,  in  which  tiie  lime  b  no  longer  in  such  a 
atate  as  to  be  able  to  act  in  an  equal  degree  as  an  im- 
|M*over  of  the  soil. 

In  cold  and  wet  days,  in  which  all  these  evil  conditions 
occasionally  meet,  it  is  not  surprising,  therefore,  that  large 
doses  of  lime  should  sometimes  have  been  added  witboat 
producing  any  sensible  benefit  whatever.* 

*  **  An  iatCaiice  ia  mMitkmad  in  liie  Nottmghlim  Report  of  TSO 
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c.  Again,  when  the  soil  is  also  rich  in  regBtable  matter, 
lime  may  be  still  more  abundantly  applied.  Thus,  when 
a  field  is  at  once  wet  or  marshy,  and  full  of  regetable  mat- 
ter, as  our  peat  bogs  are,  lime  may  be  laid  on  more  un- 
sparingly than  under  any  other  circumstances.  For  in  this 
case,  besides  the  action  of  the  excess  of  water,  as  above 
explained,  the  vegetable  matter  combines  with  and  masks 
the  ordinary  action  of  a  considerable  quantity  of  tlie  Hroe. 
By  this  combination,  no  part  of  the  ultimate  influence  of 
the  whole  lime  upon  the  soil  is  necessarily  lost ;  in  most 
cases  the  immediate  effect  only  is  lessened,  which  the  same 
quantity  applied  to  other  soils  would  have  been  seen  to 
produce.  In  favourable  circumstances  its  action  u  re- 
tarded and  prolonged,  the  compounds  it  forms  with  the 
vegetable  matter  decomposing  slowly,  and,  therefore,  re- 
maining long  in  the  soil. 

To  the  exact  chemical  constitution  of  the  compounds 
thus  formed,  as  soon  as  lime  is  mixed  up  with  a  soil  rich 
in  vegetable  matter,  and  to  the  chemical  changes  which 
these  compounds  gradually  undergo,  it  will  be  necessary 
to  direct  our  attention  when  we  come  to  study  the  theory 
of  the  action  of  lime,  as  an  improver  of  the  soil. 

d.  Not  only  the  natural  depth  of  the  soil,  as  already 
stated,  but  also  the  depth  to  which  it  is  usually  ploughed, 
and  to  which  it  is  customary  to  bury  the  lime,  will  mate- 
rially affect  the  quantity  which  can  be  safely  applied.  A 
dose  of  lime  which  would  materially  injure  a  soil  into 
which  the  plough  rarely  descends  beyond  two  or  three 
inches;  might  be  too  small  an  application  where  six  or 
eight  inches  are  usually  turned  over  by  the  plough.  When 
new  soil,  also,  is  to  be  brought  up,  which  may  be  supposed 
to  contain  no  lime,  or  in  which  noxious  substances  are 
present,  a  heavier  dose  of  lime  roust  necessarily  be  laid 
upon  the  land. 

3°,  Such  are  the  circumstances  in  which  lar^e  applica- 
tions of  liroe  may  be  usefully  applied  to  the  land.  In  soils 
of  an  opposite  character  not  only  will  smaller  quantities 

haying  been  laid  on  an  acre  of  cold  clay  land  without  any  benefit  whai^ 
ever.*^— BrJUfft  fliw6afuiry,  i^  p.  296. 
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of  lime  produce  an  equally  beneficial  effect,  but  aerioas 
injury  would  often  be  inflicted  by  spreading  it  too  laTisUy 
upon  your  fields. 

The  more  dry  and  shallow  the  soil,  the  more  Kght  and 
sandy,  the  less  abundant  in  vegetable  matter,  the  aBora 
naturally  mild  its  locality,  and  the  drier  and  warmer  the 
climate  in  which  it  is  situated — the  less  the  quantity  of 
Ume  whioji  the  prudent  farmer  will  venture  to  mix  with 
it.  It  is  to  the  neglect  of  these  natural  indications  that 
the  exhaustion  and  barrenness  that  have  occasionally  fol* 
lowed  the  application  of  lime  are  to  be  ascribed.  It  is 
only  in  rare  cases,  such  as  the  presence  of  much  noxioius 
mineral  matter  in  the  soil,  that  these  indications  can  be 
aafely  neglected. 

§  11.  Ought  Lime  to  he  applied  in  large  dotes  at  distant  m- 
tervals,  or  in  smaller  quantities  mctrejr^guendy  repeated^ 

The  quantity  of  lime  which  ought  to  be  applied  to  the 
land  must,  as  we  have  seen,  vary  with  its  quality,  and  with 
the  conditions  in  which  it  is  placed.  Hence  the  practiee 
in  this  respect  necessarily  varies  in  every  country  and  in 
almost  every  district. 

But  a  difference  of  opinion  also  prevails  amongst  prac- 
tical men,  as  to  whether  theit  quantity  of  lime  which  land 
of  a  given  kind  may  require  ought  to  be  applied  in  laige 
doses  at  long  intervals,  or  in  small  quantities  frequently 
repeated.  The  indications  of  theory  in  reference  to  ihia 
point  are  clear  and  simple. 

A  certain  proportion  of  lime  is  indispensable  in  oar 
climate  to  the  production  of  the  greatest  possible  fertility. 
Let  us  suppose  a  soil  to  be  wholly  destitute  of  lime-^tbe 
first  step  of  the  improver  would  be  to  add  to  it  this  indis- 
pensable proportion.  This  would  necessarily  be  a  large 
quantity,  and,  therefore,  to  land  limed  for  the  first  time 
theory  indicates  the  propriety  of  adding  a  large  dose. 

Every  year,  however,  a  certain  variable  proportion  of 
the  lime  is  removed  from  the  soil  by  natural  causes.  The 
effect  of  this  removal  in  a  few  years  becomes  sensibly  ap- 
parent in  the  diminished  productiveness  of  the  land. 
After  the  lapse  of  five  or  six  years,  during  which  it  has 
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been  gradually  mixing  wiih  the  8oil,  the  beneficial  efTeets 
of  tho  lime  are  generally  the  most  striking — after  this 
they  gradually  lessen,  till  at  the  end  of  a  longer  or  shorter 
period,  the  land  reverts  to  its  original  condition.  Tolcttf 
land  in  its  best  pamble  state,  therefore,  the  natural  teaete 
aught  from  time  to  time  to  be  supplied  hy  the  addition  of 
smaller  doses  of  lime  at  shorter  intervals* 

Such  is  obviously  the  most  natural  coarse  of  pveeedurov 
and  he  who  farms  his  ov?n  estate,  and  has  therefore  no 
strong  inducement  to  do  otherwise,  will>  on  the  first  break- 
ing up  of  new  land  give  it  a  heavy  liming,  and  whether 
he  afterwards  retain  it  in  arable  culture  or  lay  it  down  to 
grass,  will  at  intervals  of  4  to  6  yeara  give  it  a  new  dos* 
of  one-fourth  to  one-eighth  of  the  original  quantity.  But 
local  circumstances  and  customs  interfere  in  many  well 
fanned  districts  with  this  most  natural  treatment  of  the 
soil.  In  the  county  of  Roxburgh,  for  example,  on  enter* 
ing  upon  his  farm,  which  he  holds  on  a  lease  of  19  or  21 
years,  the  tenant  begins  by  liming  that  portion  of  his  land 
which  is  in  fallow,  or  in  preparation  for  turnips,  at  the 
rate  of  240  to  300  bushels  of  quick-lime  per  acre.  A 
similar  liming  is  given  to  the  other  portions  as  they  come 
into  fallow,  so  that  at  the  end  of  his  first  rotation  (4  or  5 
years)  the  whole  of  his  land  has  been  limed  at  the  same 
rate.  He  now  continues  cropping  for  three  or  four  rota^ 
lions  (14  to  16  years),  when  if  he  is  sure  of  remaining  on 
his  farm  he  begins  to  lime  again  with  the  same  quantity  as 
before.  If  he  is  to  quit,  howevev,  he  takes  the  best  crops 
he  can  get,  but  incurs  no  further  outlay  in  the  addition  of 
lime.  His  successor  follows  the  same  course — begins  by 
expending  perhaps  ^1000  in  lime,  and  before  he  leaves 
at  the  end  of  his  lease,  has,,  by  continued  cropping, 
brought  back  his  land  nearly  to  the  same  state  in  which 
he  found  k. 

In  the  district  of  Kyle  and  other  parts  of  Ayreshilne^ 
again,  lime  is  laid  on — often  when  preparing  for  the  wheat 
crop,  either  by  ploughing  in  the  seed  furrow,  or  by  bar*^ 
rowing  in  with  the  seed— at  the  rate  of  40  bushels  of 
shells  an  acre,  and  this  dose  is  of  course  repeated  everj 
4  or  6  years,  according  to  the  length  of  the  rotation.    H 

11* 
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we  consider  the  probable  di&renee  in  the  soil  and  climate, 
the  proportion  of  lime  added  in  the  two  dtstricts  does  not 
materially  differ.  In  Ayrshire  from  8  to  10  bashels,  and 
in  Roxburgh  from  10  to  12  bushels  are  added  for  each 
year.*  In  both  counties,  however,  many  farms  may  be 
met  with  in  which  the  treatment  of  the  land  in  this  res- 
pect differs  from  that  which  is  generally  followed. 

In  Flanders  a  similar  difference  in  the  practice  prevails 
in  different  districts.  In  some  the  land  is  limed  only  once 
in  12  years,  in  others  every  third,  fourth,  or  sixth  year, 
according  to  the  length  of  the  rotation.  In  the  former 
case  from  40  to  60  bushels  are  applied  per  acre,  in  the 
latter  from  10  to  12  bushels  every  third  year.  In  both 
modes  of  procedure  the  quantity  of  lime  applied  by  the 
year,  is  nearly  Uie  same— between  3}  and  4  bushels  per 
acre.  These  quantities  are  very  much  less  than  those  em* 
ployed  in  our  island,  but  the  soils  are  also  greatly  lighter, 
and  the  climate,  as  well  as  the  general  treatment  of  the 
land,  very  different. 

We  may  consider  it,  therefore,  as  a  principle  recognized 
or  involved  in  the  agricultural  practice  both  of  our  own 
and  of  foreign  countries,  that  nearly  the  same  annual  ad- 
dition of  lime  ought  to  be  made  to  the  land,  whether  it  be 
applied  at  long  intervals  or  at  the  recurrence  e£  each  rota- 
tion. There  is,  therefore,  on  the  whole,  no  saving  in  the 
cost  of  lime,  whichever  method  you  adopts  A  slight  con- 
sideration of  the  subject,  however,  may  satisfy  us  that 
there  is  a  real  difference  in  the  comparative  economy  or 
profit  of  the  two  methods.     • 

Let  us  suppose  two  acres  of  the  same  clay  land  to  be 
limed  respectively  with  200  bushels  each,  and  that  the 
one  is  cropped  for  20  years  afterwards  without  fuitber 
liming,  while  the  other  at  the  end  of  eveiy  5  years  is 
dressed  with  an  additional  dose  of  40  to  60  bushels.  In 
both  cases  the  land  would  have  attained  its  most  prodac- 

*  According  to  General  Beatson  (New  System  of  Cultivation^  1690),  up- 
wards of  100  busbela  an  acre,  at  a  coat  of  £7  I60.,  used  to  be  applied  to 
the  clay  lands  of  Sune^— on  the  falloVt  before  wheat— «very  four  ji 


This  was  25  bushels  per  acre  for  each  year.  In  snch  lands  as  these  ^le 
tvine  in  the  article  of^  lime  alone,  which  woald  follow  a  judicious  diakuura, 
ould  be  verv  neat. 


would  be  very  great. 
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live  condition  in  five  or  six  years.  Let  us  suppose  that  in 
this  condition  it  produced  annually  a  crop  of  (or  equiva- 
lent in  nutritive  value  to)  30  bushels  of  wheat,  and  that 
on  neither  acre  did  a  sensible  diminution  appear  before 
the  end  of  ten  years.  Then  during  the  second  ten  the 
crops  would  gradually  lessen  in  the  one  acre,  while,  in 
consequence  of  the  re-addition  of  the  lime  as  it  disappears, 
the  amount  of  produce  would  remain  sensibly  the  same 
in  the  other  acre.  Suppose  the  produce  of  the  former 
gradually  to  diminish  Arom  30  to  20  bushels  during  these 
ten  years, — or  that  while  the  one  has  continued  to  yield 
30  bushels  during  the  whole  period,  the  other  has,  on  an 
average,  yielded  only  26  bushels  during  the  lattei"  ten 
years.  If  now  the  second  large  dose  of  200  bushels  be 
added  to  this  latter  acre,  the  cost  of  liming  both  will  have 
become  sensibly  the  same,  but  the  amount  of  produce  or 
of  profit  from  the  two  acres  during  the  second  ten  years 
will  stand  thus-^ 

10  crops,  of  30  bushels  each,  amount  to  300  bushels. 

10  crops,  of  25  bushels  each,  amount  to  250  bushels. 
Difference  in  favour  of  frequent  >  -^ 

liming  .  .  .  .  ^ )     60bush.p.acre, 

or  nearly  two  tohole  crops  every  lease  of  itcenty  yeare. 

Thus  it  appears 

1^.  That,  according  to  the  practice  of  different  countries, 
the  quantity  of  lime  which  ought  to  be  added,  and  conse- 
quently the  cost  of  adding  it,  i»  very  nearly  the  same, 
whether  it  be  applied  in  larger  doses  at  longer  intervals,  or 
in  smaller  doses  more  frequently  repeated. 

29.  That,  after  the  first  Heavy  liming^  the  frequent  appli- 
cation of  small  doses  is  the  more  natural  method — ^and 

3<>.  That  it  i&  also  the  most  economical  or  profitable 
method. 

It  is  possible  that  other  considerations,  such  as  the  tenure 
by  which  your  land  is  held  may  appe.ar  sufficient  to  in- 
duce you  to  depart  from  this  method^  but  there  seema 
every  reason  to- believe  that  it  will  best  reward  those  who 
feel  themselves  at  liberty  to  follow  the  indications  at  once 
of  sound  theory  and  of  enlightened  practice. 

One  thing,  however,  must  be  borne  in  mind  by  those 
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who,  in  adopting  the  best  system  of  liming,  do  not  wish 
both  to  iojure  their  land  and  to  meet  with  ultimate  disap- 
pointment. Organic  matter-*-in  the  form  of  &rm-yard 
manure,  of  bone  or  rape  dust,  of  green  crops  ploughed  in, 
or  of  pest,  and  other  composts«-must  be  abundantly  and 
systematicsUy  added,  if  at  the  end  of  20  or  40  years  the 
land  in  which  the  full  supply  of  lime  is  kept  up  is  to  retain 
its  original  fertility.  High  farming  is  the  most  profitable— 
for  the  soil  is  ever  grateful  for  skilful  treatment— but  he 
who  farms  high  in  the  sense  of  keeping  up  the  supply  of 
lime,  must  also  farm  high  in  the  sense  of  keeping  up  the 
supply  of  organic  and  other  manures  in  the  soil— -Other- 
wise present  fertility  and  gain  will  be  followed  by  future 
barrenness  and  loss.  If  this  is  not  to  be  done,  it  were 
better  to  add  lime  at  long  intervals,  since  as  the  quantity 
of  lime  diminishes,  the  land  begins  to  enjoy  a  little  respite, 
and  has  had  time  in  some  measure  to  recover  itself — the 
cropping  in  both  instances  being  the  sam»~before  the 
new  dose  is  laid  upon  its  surfaca* 

§  12.  Farm  and  state  of  comhination  in  which  Umecmght  to 

be  applied  to  the  land. 

The  form  and  state  of  combination  in  which  lime  ought 
to  be  applied  to  the  land  depend  upon  the  nature  of  the 
soil,  on  the  kind  of  cropping  to  which  it  is  subjected,  and 
on  the  special  purpose  which  the  lime  is  intended  to  efiect. 
The  soil  may  be  heavy  or  light,  in  arable  culture  or  laid 
down  to  grass,  and  each  of  these  conditions  indicates  a  dif^ 
ferent  mode  of  procedure  in  the  application  of  lime.  So 
the  lime  itself  may  be  intended  either  to  act  more  imme- 
diately or  to  be  more  permanent  in  its  action^-or  it  may 
be  applied  for  the  purpose  of  destroying  unwholesome 
herbage,  of  quicken  u)g  inert  vegetable  matter,  of  gene* 

***ln  the  neighborhood  of  Taunton,  inSomenetohire,  and  over  all  the 
■oil  of  the  new  red  sand-atone,  the  lannen  lime  their  land  eveiy  tiaie  il 
comes  in  coune  of  fallow  for  turnips,  and  tliis  produces  excellent  cio|m^ 
even  without  dung.*'— Afor/on  on  SmU^  third  edition,  p.  181.  The  practi- 
cal reader  must  not  consider  this  custom  of  the  Somersetshire  ianoers  as  at 
all  at  variance  with  what  is  stated  in  the  text :  he  must  conclude,  rather, — 
if  the  sentence  here  quoted  is  meant  to  imply  that  they  Ume  their  arable 
land  so  repeatedly,  and  yet  add  no  organic  manure— that  they  will,  soonet 
qr  lat^pr,  cease  to  boaatof  its  fertUUy. 
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4^7  sweeteniDg  tbe  soil,  or  aimply  of  adding  to  the  land 
a  substance  which  is  indispensable  to  its  fertility.  The 
skilful  agriculturist  will  modify  the  form  and  mode  of  ap« 
plication  according  as  it  is  intended  to  serve  one  or  other 
of  these  purposes. 

From  the  considerations  already  presented  to  you  (§  3) 
in  regard  to  the  changes  which  quick-lime  undergoes  in 
the  air,  it  appears  to  be  expedient 

1^,  To  slake  lime  quickly  and  to  apply  it  immediately 

"ids 


upon  clay»  boggy,  marshy,  or  peaty  lands— upon  such  also 
as  contain  much  inert  or  generally  which  abound  in  other 
forms  of  vegetable  matter. 

2<>.  To  bents  and  heaths  which  it  is  desirable  to  extir- 
pate, it  should  be  applied  in  the  same  caustic  state,  or  to 
unwholesome  subsoils  which  contain  much  iron  (sulphate 
of  iron),  as  soon  as  they  are  turned  up  by  tbe  plough.  In 
both  these  cases  the  unslaked  lime-dust  from  the  kilns 
might  be  laid  on  with  advantage. 

3<^.  Where  it  is  to  be  spread  over  grass  lands  without 
destroying  the  herbage,  it  is  in  most  cases  safer  to  allow 
the  lime  to  slake  spontaneously,  and  in  the  open  air  rather 
than  in  a  covered  pit.  It  is  thus  obtained  in  an  exceed- 
ingly  fine  powder,  which  can  be  easily  spread,  and,  while 
it  is  sufficiently  mild  to  leave  the  tender  grasses  un* 
harmed,  it  contains  a  sufficient  quantity  of  caustic  lime 
(Part  III.  p.  100)  to  produce  those  chemical  changes  in 
the  soil  on  which  the  efficacy  of  quick-lime  depends. 

4^.  Where  lime  is  applied  to  the  fallow,  is  ploughed  in, 
well  harrowed  or  otherwise  mixed  with  the  soil,  it  is  gene- 
rally of  little  consequence  in  which  of  the  above  states  it 
is  laid  on.  The  chief  condition  is,  that  it  be  in  the  state 
of  a  fine  powder,  and  that  it  be  well  spread  and  intimately 
mixed  with  the  soil.  Before  these  operations  are  conclu- 
ded the  lime  will  be  very  nearly  in  the  state  of  combina- 
tion in  which  it  exists  in  spontaneously  slaked  lime- 
whatever  may  have  been  the  state  of  causticity  in  which 
it  has  been  applied. 

You  will  understand  that  the  above  remarks  apply  only 
to  localities  where  burned  lime  is  usually  or  alone  used  for 
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agricnltural  porposes.  Tbere  may  be  localities  where 
marl  also  exists,  or  shell  or  liroe-stone  sand,  in  greater  or 
less  abundance,  and  in  such  places  it  may  be  a  question  of 
some  importance  to  determine  which  it-  would  be  better 
or  more  economical  to  apply.  In  such  a  ease  you  may 
safely  proceed  upon  the  principle  that  the  lime  in  the 
marls,  &c.,  will  ultimately  produce  precisely  the  same 
effects  upon  your  land  as  the  lime  from  the  kiln,  proTided 
you  lay  on  an  equal  quantity,  and  in  an  equally  minute 
state  of  division.  The  effect  will  only  be  a  little  more 
slow,  and  the  full  fertility  of  the  land  a  year  or  two  longer 
in  bein^  brought  out.    You  would  therefore  consider 

l^'.  How  much  of  the  marl  or  sand  must  I  add  to  be 
equal  to  a  ton  of  lime-shells  t  This  will  depend  on  the 
per-centage  of  lime  which  the  marl  contains.  Suppose  it 
to  contain  20  per  cent.,  or  one*fifth  of  its  weight  of  lime,* 
then  five  tons  of  the  marl  will  be  equal  to  one  ton  of  lime 
9hdl8,  But  as  the  lime  in  the  marls  and  sands  is  never  in 
so  minute  a  state  of  division  as  in  the  slaked  lime,  the 
same  quantity  of  lime  in  the  former  cannot  be  so  equally 
diffused  through  the  soil  as  in  the  latter  state.  An  allow* 
ance  must  therefore  be  made  on  this  account,  and  an  ad- 
ditional quantity  equal  to  one-fourth  or  one-fifth  of  the 
whole  added,  for  the  purpose  of  equalizing  the  efiect. 

30.  Which  of  the  two,  the  quick-lime  <n*  its  equivalent 
of  marl,  can  I  obtain  and  apply  at  the  less  cost  1  This  will 
not  be  difficult  to  calculate,  the  proportion  of  lime  con- 
tained in  the  marl  being  once  ascertamed. 

30.  This  question  of  economy  being  decided,  it  is  neces- 
sary to  consider  the  kind  and  quantity  of  the  earthy  mat- 
ter with  which  the  lime  in  the  marl  is  mixed.  If  it  be  a 
lime-sand  or  sandy  marl,  it  may  be  unfit  to  apply  to  light 
and  sandy  soils  ;  if  it  be  a  stiff  unctuous  clay  marl,  it  naay 
only  render  stiffer  and  more  difficult  to  work  the  clay 
lands  on  which  you  may  propose  to  spread  it.  In  sa^ 
cases  as  these,  however  economical  the  use  of  marls  or 
lime-stone  sands  may  be,  the  intelligent  farmer  will  prefer 
the  addition  of  quick-lime  wherever  it  is  readily  accessible. 

*  Not  oar6onafe  of  lime,  but  of  lime  in  the  itaU  in  which  it  oomfts  from 
the  kihL    100  Ibe.  of  carbonate  eontain561bi.offvidbliiiie,  Part  III.  p.9e. 
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SuMex  is  one  of  those  districts  in  wbich  the  ancieiit  use 
of  marl  has  given  place  to  the  employmeot  of  bnmed 
Hme  (Beatson),  chiefly,  I  belieTe,  from  the  nature  of  the 
local  marl  being  less  adapted  to  the  stiff  clay  lands  of  that 
coanty. 

§  13.  Of  the  use  and  advantage  of  iJie  compost  fomL, 

As  there  are  many  cases  in  which  lime  ought  to  be  ap- 
plied unmixed  and  in  the  caustic  state^  so  there  are  others 
m  which  it  is  best  and  most  beneficially  laid  upon  the  land 
in  a  mild  state  and  in  the  form  of  compost 

1^.  When  lime  is  required  only  in  small  quantities,  it 
can  be  more  eTenly  spread  when  previously  well  mixed 
with  from  3  to  8  times  its  bulk  of  soil. 

2^,  On  light,  sandy,  and  gravelly  soils,  when  of  a  dry 
character,  unmixed  lime  will  bring  up  much  cow-wheat 
(melampyrum)  and  red  poppy.  If  they  are  moist  soils,  or 
if  rainy  weather  ensue,  the  lime  is  apt  to  run  into  mortar^ 
and  thus  to  form  either  an  impervious  subsoil,  or  lumps  of 
a  hard  conglomerate,  which  are  brought  up  by  the  plough, 
but  do  not  readily  yield  their  lime  to  the  soil.  These 
bad  consequences  are  all  avoided  by  adding  the  lime  in  the 
form  of  compost. 

3^.  Applied  to  grass  lands — unless  the  soil  be  stiff  clay 
-—or  much  coarse  grass  is  to  be  extirpated, — it  is  generally 
better  and  safer  to  apply  it  in  the  compost  form.  The 
action  of  the  lime  on  the  tender  herbage  is  by  this  means 
moderated,  and  its  exhausting  effect  lessened  upon  soils 
which  contain  little  vegetable  matter. 

4^.  In  the  compost  form  the  same  quantity  of  lime  acts 
more  immediately.  While  lying  in  a  state  of  mixture 
those  chemical  changes  which  lime  either  induces  or  pro- 
motes have  already  to  a  certain  extent  taken  place,  and 
thus  the  sensible  eflfect  of  the  lime  becomes  apparent  in 
a  shorter  time  af^er  it  has  been  laid  upon  the  land. 

6<>.  This  is  still  more  distinctly  the  case  when,  besides 
earthy  matter,  decayed  vegetable  substances,  ditch  sconr> 
ings,  and  other  refuse  are  mixed  with  the  lime.  The  ex- 
perience of  every  practical  man  has  long  proved  how  very 
much  more  enriching  such  composts  are,  and  more  obvious 
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in  their  eflbcts  upon  the  soil,  than  the  aimple  application 
of  lime  alone. 

6<^.  It  is  stated  as  the  result  of  extended  trial  in  Flan- 
ders and  in  parts  of  France,  that  a  much  smaller  quantitj 
of  lime  laid  on  in  this  form  will  produce  an  equal  eflfect. 
For  this,  one  cause  may  he,  that  the  rains  are  preyented 
from  acting  upon  the  mass  of  compost  as  they  would  do 
upon  the  open  soil^-in  washing  out  either  the  lime  itself 
or  the  saline  suhstances  which  are  produced  durine  its 
contact  with  the  earthy  and  vegetable  matter  with  which 
it  is  mixed. 

70.  The  older  the  compost  the  more  fertilizing  is  its 
action.  This  fact  is  of  the  same  kind  with  that  generally 
admitted  in  respect  to  the  action  of  marls  and  unmixed 
lime*-that  it  is  more  sensible  in  the  second  year,  or  in 
the  second  rotation,  than  in  the  first. 

In  conclusion,  it  may  be  stated  that  this  form  of  appli- 
cation is  especially  adapted  to  the  lightest  and  driest  soils, 
and  to  such  as  are  poorest  in  vegetable  matter.  In  this 
form,  lime  has  imparted  an  unexpected  fertility  even  to 
the  white  and  barren  sands  of  the  Landes  (Pavis),  and 
upon  the  dry  hills  of  Derbyshire  it  has  produced  an  almost 
equal  benefit. 

§  14.   When  ought  lime  to  he  applied  f 

This  question  may  refer  either  to  the  period  in  the  lease, 
in  the  rotation,  or  of  the  year  in  which  lime  may  most 
beneficially  be  laid  upon  the  land.  We  have  already  con- 
sidered this  point  iu  so  far  as  it  refers  to  the  lease,  while 
discussing  the  propriety  of  applying  lime  in  large  or  in 
small  doses. 

In  regard  to  the  period  of  the  year  and  of  the  rotation, 
there  are  three  principles  by  which  the  procedure  of  the 
practical  man  ought  chiefly  to  be  directed. 

1^.  TTiat  lime  takes  some  time  to  produce  itshnmim  efeeU 
upon  the  soil.'^t  ought,  therefore,  to  be  applied  as  long  as 
possible  before  the  crop  is  sown.  That  is,  in  the  early 
autumn,  where  either  winter  or  spring  com  is  about  to  be 
sown,— on  the  naked  fallow  where  the  land  is  allowed  to 
be  at  rest  for  a  year^^-or  on  the  grass  fields  before  bieaking 
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up,  where  the  pasture  is  to  be  imHaediately  Bucceeded  by 
com. 

2°.  That  quick4ime  esopds  ammonia  Jrom  decomposed 
and  fermenting  manure, 

Whea  such  manure-,  therefore,  is  applied  to  the  land 
as  it  is  in  all  our  well-farmed  districts,  quick-lime  should 
not  be  so  laid  upon  the  land  as  to  come  into  immediate 
contact  with  it.  If  both  mnet  be  applied  in  the  same  year, 
they  should  be  laid  on  at  periods  as  distant  from  each  other 
as  may  be  conyenient,  or  if  this  necessity  does  not  exist, 
the  lime  should  be  spread  either  a  year  before  or  a  year 
after  the  period  in  the  rotation  at  which  the  manure  is 
usually  applied^ 

It  is  for  this  reason,  to  well  as  for  the  other  already 
stated  (1^),  that  lime  is  applied  to  the  naked  fallow,  to  the 
grass  before  breaking  up,  or  along  with  the  winter  wheat 
after  a  gpreen  crop  which  has  been  aided  by  fermented 
manure.  When  ploughed  into  the  fallow,  or  spread  upon 
the  grass,  it  has  had  time  to  be  almost  completely  con* 
Yerted  into  the  mild  state  (that  of  carbonate),  before  the 
manure  is  laid  on.  In  this  mild  state  it  has  no  sensible 
effect  in  expelling  the  ammonia  of  decomposing  manure. 
Again,  when  it  is  applied  in  autumn  along  with,  or  imme- 
diately before  the  seed,  the  volatile  or  ammoniacal  part  of 
the  manure  has  already  been  expended  in  nourishing  the 
g^en  crop,  so  that  loss  can  rarely  accrue  from  the  admix- 
ture of  the  two  at  this  period  of  the  rotation. 

The  excellent  elementary  work  of  Professor  Lowe* 
contains  the  following  remark : — *'  It  is  not  opposed  to 
theory  that  lime  should  be  applied  to  the  soil  at  the  same 
time  with  dung  and  other  animal  and  Tegetable  substances, 
as  is  frequent  in  the  practice  of  farmers."  This  is  strictly 
correct  only  in  regard  to  marls,  lime-sand,  &c.,  or  to  per- 
fectly mild  lime,  any  of  which  may  be  mixed,  without 
loss,  with  manure  in  any  state.  Of  quick  or  caustic  lime 
it  is  correct  only  when  the  animal  or  vegetable  matter  lias 
not  yet  begun  to  ferment.  With  recent  animal  or  vegeta- 
ble matter  quick-lime  may  be  mixed  up  along  vrith  earth 

•  £Zeneateq/'PWicCu»Iil«TUMto^ 
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into  a  compost,  not  only  without  tbe  risk  of  much  loss, 
but  with  tbe  prospect  of  manifest  advantage. 

30.  ThtU  quick-lime  hastens  or  revives  the  decampositiem 
of  inert  organic  matter. — This  fact  also  indicates  the  pro- 
priety of  allowing  the  lime  as  much  time  as  possible  to 
operate  before  a  crop  is  taken  from  land  in  which  organic 
matter  already  abounds.  Or  where  fermenting  manure  is 
added,  it  advises  the  farmer  to  wait  till  spontaneous  de- 
composition  becomes  languid,  when  the  addition  of  lime 
will  brinff  it  again  into  action  and  thus  maintain  a  more 
equable  tertility. 

In  a  work  upon  soils,  which  I  have  frequently  com- 
mended to  your  notice/  you  will  find  tbe  following  ob* 
servations : — "Writers  on  agriculture  have  stated  that  lime 
hastens  the  decay  of  vegetable  matter,  whereas  the  fact 
b,  that  it  retards  the  process  of  the  decomposition  of  veg^ 
table  matter.  If  straw  of  long  duDg  be  mixed  with  slaked 
lime,  it  will  be  preserved ;  while  if  mixed  with  an  equal 
portion  of  earth,  the  earth  will  hasten  its  decay."  The 
two  facts  stated  in  this  last  sentence  are,  I  believe,  correct, 
yet  it  is  nevertheless  consistent  both  with  theory  and  with 
universal  observation,  that  lime  in  the  soil  promotes  the 
decomposition  of  organic  matters,  both  animal  and  vege- 
table. This  will  appear  more  clearly  when  we  come  to 
study  the  precise  nature  of  the  action  of  lime  upon  or- 
ganic substances  in  general. 

The  above  remarks,  in  regard  to  the  best  time  fat  ap- 
plying lime,  refer  chiefly  to  quick-lime^  the  state  in  whichy 
m  this  country,  it  is  so  extensively  used.  Marls  and  sheU- 
■ands  can  cause  no  loss  when  mixed  with  the  manure,  and 
therefore  may  with  safety  be  laid  on  at  any  period  of  the 
rotation.  The  same  remark  applies  with  greater  fbroe  to 
the  lime  composts.  These  may  be  used  precbely  in  the 
•ame  way  as,  and  even  instead  of,  the  richer  manures- 
nay  be  laid,  without  risk,  upon  grass  lands  of  any  quality, 
and  at  any  period— H>r  as  a  top  dressing  on  the  young  com 
in  spring,  when  the  grass  and  clover  seeds  are  sown  by 
which  the  corn  crop  is  to  be  succeeded.    And  as  the  com* 

«  MotM  "On  Mb;,'*  tiiM  wSlkB,  p.  181 
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post  acts  more  speedily  than  lime  in  any  other  form,  it  is 
especially  adapted  for  immediate  application  to  the  crop 
it  is  intended  to  benefit.  To  wet  lands  also,  it  is  weU 
suited,  and  to  such  as  are  subject  to  much  rain,  by  which, 
while  the  surface  is  naked,  the  soluble  matters  produced 
iu  the  soil  are  likely  to  be  very  much  washed  away. 

§  15.  Of  the  effects  produced  by  lime. 

The  effects  of  pure  lime  upon  the  land,  and  upon  vege- 
tation, are  ultimately  the  same,  whether  it  be  laid  on  in 
the  state  of  hydrate  or  of  carbonate.  If  different  varie* 
ties  produce  unlike  effects,  the  quantity  of  lime  applied 
being  the  same,  it  in  because  in  nature  lime  is  always 
more  or  less  mixed  with  other  substances  which  are  capa- 
ble of  modifying  the  effects  which  pure  lime  would  alone 
produce.  The  special  effects  of  marls,  &c.,  when  they 
differ  from  those  of  burned  lime,  are  to  be  ascribed  to  the 
presence  of  such  admixtures.  In  general,  however,  the 
chemical  action  of  the  marls  and  calcareous  sands  is  pre- 
cisely the  same  in  kind  as  that  of  lime  in  the  burned  and 
slaked  state,  and  so  far  the  effects  which  we  have  already 
seen  to  be  produced  by  marls  (Part  HI-P*  HO),  represent 
also  the  general  effects  of  lime  in  any  form. 

These  general  effects  may  be  considered  in  reference 
to  the  land  on  which  it  is  laid,  and  to  the  crops  which  are, 
or  may  be^  made  to  grow  upon  it. 

I. — EFFECTS  OF  LIME  UPON  THE  LAND. 

Pure  lime,  like  the  marls,  produces  both  a  mechanical 
and  a  chemical  effect  upon  the  soil.  The  former  is  con- 
stant with  all  varieties  of  tolerably  pure  lime,  and  is  easily 
understood.  It  opens  and  renders  freer  such  soils  as  are 
stiff  and  clayey,  while  it  increases  the  porosity  of  such  as 
are  already  light  and  sandy.  To  the  former  its  mechani- 
cal action  is  almost  always  favourable,  to  the  latter  not  un« 
frequently  the  reverse. 

From  its  chemical  action  the  benefits  which  follow  the 
use  of  lime  are  chiefly  derived.  These  benefits  are  prin- 
cipally the  following:—- 

1^.  It  increases  the  fertility  of  all  soils  in  which  lime 
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does  not  already  abound,  and  especially  adds  to  the  pro- 
ductiyeness  of  such  as  are  mobt  or  contain  much  inert 
vegetable  matter. 

2o.  It  enables  the  same  soils  to  produce  crops  of  a  su* 
perior  qwdity  also.  Land  which,  unlimed,  will  produce 
only  a  scanty  crop  (3  or  4  fold)  of  rye,  by  the  addition  of 
lime  alone,  will  yield  a  6  or  7  fold  return  of  wheat.  From 
some  clays,  also,  apparently  unfit  to  grow  com,  it  brings 
up  luxuriant  crops. 

3<>.  It  increases  the  effect  of  a  given  application  of  ma- 
nure ;  calls  into  action  that  which,  having  been  previously 
added,  appears  to  lie  dormant;  and,  though  as  we  have 
already  seen  (Part  III.  p.  128),  manure  must  be  plenti- 
fully laid  upon  the  land,  after  it  has  been  well  limed,  yet 
the  same  degree  of  productiveness  can  still  be  main- 
tained at  a  less  cost  of  manure  than  where  no  lime  has 
been  applied. 

4°.  As  a  necessary  result  of  these  important  changes, 
the  money  value  and  annual  return  of  the  land  is  in* 
creased,  so  that  tracts  of  country  which  had  let  with  diffi- 
culty for  5s.  an  acre,  have  in  many  localities  been  ren- 
dered worth  30s.  or  40s.  by  the  application  of  lime  alone 
(Sir  J.  Sinclair). 

IL — EFFECTS  OF  LIVE  ON  THE  PRODUCTIONS  OF  THB  SOIL. 

1<^. — It  alters  the  natural  produce  of  the  land,  by  killing 
some  kinds  of  plants  and  favouring  the  growth  of  others, 
the  seeds  of  which  had  before  Iain  dormant.  Thus  it  de- 
stroys the  plants  which  are  natural  to  silicious  soils  and  to 
moist  and  marshy  places.  From  the  corn-field  it  extir- 
pates the  corn-marigold  {chrysanthemum  segetum)*  while, 
if  added  in  excess,  it  encourages  the  red  poppy,  the  yel- 
low cow-wheat  [melampyrum  pratense),  and  the  yellow 
rattle  {rhinanthus  crista  galli},  and  when  it  has  sunk,  fa- 
vours the  growth  of  the  troublesome  and  deep-rooted 
coltsfoot. 

Similar  effects  are  produced  upon  the  natural  grasses. 
It  kills  heath,  moss,  and  sour  and  bentyt  {agrostis)  grasses, 

*  BoRniiwhatiten. 

t  In  Lid<fiMlale,  on  th«  Scottish  border,  ii  a  luge  tract  of  land  in  wbat  it 


EFFECTS   OF   LIMB   UPON   TUE  CROPS.  137 

and  brings  up  a  sweet  and  tender  herbage,  mixed  with 
white  and  red  clovers,  more  greedily  eaten  and  more 
nourishing  to  the  cattle.  Indeed  all  fodder,  whether  natu- 
ral or  artificial,  is  said  to  be  sounder  and  more  nourishing 
when  grown  upon  land  to  which  lime  has  been  abundantly 
applied.  On  benty  grass  the  richest  animal  manure  often 
produces  little  improvement  until  a  dressing  of  lime  has 
been  laid  on. 

It  is  partly  in  consequence  of  the  change  which  it  thus 
produces  in  the  nature  of  the  herbage,  that  the  applicati^^n 
of  quick-lime  to  old  grass  lands,  some  time  before  breaking 
up,  is  found  to  be  so  useful  a  practice.  The  coarse  gras- 
ses being  destroyed,  tough  grass  land  is  opened  and  soft- 
ened, and  is  afterwards  more  easily  worked,  while,  when 
turned  over  by  the  plough,  the  sod  sooner  decays  and  en- 
riches the  soil.  It  IS  another  advantage  of  this  practice, 
however,  that  the  lime  has  time*  to  diflfuse  itself  through 
the  soil,  and  to  induce  some  of  those  chemical  changes  by 
which  the  succeeding  crops  of  com  are  so  greatly  bene- 
fitted. 

2o.  It  improves  the  fuality  of  almost  every  cultivated  crop. 

Thus,  upon  limed  land, 

a.  The  grain  of  the  com  crops  has  a  thinner  skin,  is 
heavier,  and  yields  more  flour,  while  this  flour  is  said  also 
to  be  richer  ii^  gluten.  On  the  other  hand,  these  crops, 
after  lime,  run  less  to  straw,  and  are  more  seldom  laid. 
In  wet  seasons  (in  Ayrshire)  wheat  preserves  its  healthy 
appearance,  while  on  unlimed  land,  of  equal  quality,  it  is 
yellow  and  sickly.  A  more  marked  improvement  is  said 
also  to  be  produced  both  in  the  quantity  and  in  the  quality 
of  the  spring-sown  than  of  the  winter-sown  crops  (Fuvis). 

b.  Potatoes  grown  upon  all  soils  are  more  agreeable  to 
the  taste  and  more  mealy  after  lime  has  been  applied,  and 

1h«re  ctM^  flying  hent^  not  worth  mare  than  Zb.  ao  acre.  If  siir&ce-druiMd 
and  limed  at  a  coat  of  JS2  to  X3  an  acre,  this  becomes  worth  12e.  an  acre 
for  sheep  pasture.  An  intelligent  and  experienced  border  farmer  aasurea 
me  that  such  land  would  neoBrfor^  40  Ui  60  bushels  of  lime  per  acre. 

*  A  comparatively  long  period  »  sometimes  permitted  to  elapse  befon 
the  grass  land  is  broken  up  after  liming.  Thus  at  Netherby,  "*  lime  or 
compost  is  always  applied  to  the  third  year's  pasture,  which  ia  renovated 
by  it,  and  in  two  or  three  years  breaka  up  admirably  ibr  oals." 

12» 
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this  is  especiatly  the  case  on  heavy  and  vet  lands,  which 
lie  still  undrained. 

c.  Turnips  are  often  improved  both  in  qnantity  and  in 
quality  when  it  is  laid  on  in  preparing  the  ground  for  the 
seed.  It  is  most  efficient,  and  causes  the  greatest  saving 
of  farm-yard  manure  where  it  is  applied  in  the  compoat 
form,  and  where  the  land  is  already  rich  in  organic  matter 
of  various  kinds. 

d.  Peas  are  grown  more  pleasant  to  the  taste,  and  are 
said  to  be  more  easily  bailed  soft.  Both  beans  and  peas 
also  yield  more  grain. 

e.  Rape,  after  a  half-Hming  and  manuring,  giYes  extra- 
ordinary crops,  and  the  same  is  the  case  with  the  eoUa^ 
the  seed  of  which  is  largely  raised  in  France  for  the  oil 
which  it  yields. 

/I  On  JUiiX  alone  it  is  said  to  be  injurious,  diminishing 
the  strength  of  the  fibre  of  the  stem.  Hence,  in  Belgium, 
flax  is  not  grown  on  limed  land  till  seven  years  after  the 
lime  has  been  applied. 

30^  It  hastens  the  maturity  of  the  crop, — Tt  is  true  of  near- 
ly all  our  cultivated  crops,  but  especially  of  those  of  com, 
that  their  full  growth  is  attained  more  speedily  when  the 
land  is  limed',  and  that  they  are  ready  for  the  harvest  from 
10  to  14  days  earlier.  This  is  the  case  even  with  bock- 
wheat,  which  becon>es  sooner  ripe,  though  it  yields  no 
larger  a  return,  when  lime  is  applied  to  the  land  on  whi^ 
it  is  grown. 

4t^,  The  liming  of  the  land  is  the  harbinger  of  healdi  as 
well  as  of  abundance.  It  salubrities  no  less  than  it  en- 
riches the  well  cultivated  district  I  have  already  drawn 
your  attention  (Part  III.  p.  12)  to  this  as  one  of  the  inci- 
dental results  which  follow  the  skilful  introduction  of  the 
drain  over  large  tracts  of  eountry.  Where  Ihe  use  of  lime 
and  of  the  drain  go  together  it  is  difficult  to  say  howmoch 
ef  the  increased  healthiness  of  the  district  is  dne  to  tke 
one  improvement,  and  how  much  to  the  other.  The  lime 
arrests  the  noxious  effluvia  which  tend  to  rise  more  or  less 
from  every  soil  at  certain  seasons  of  the  year,  and  decom- 
poses them  or  causes  their  elements  to  assume  new^forms 
of  cheooiical  combinRtion^  ia  which  they  no  longer  exert 
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the  same  injurious  influence  upon  animal  life.  How  beau« 
tiful  a  consequence  of  skilful  agriculture,  that  the  health 
of  the  community  should  be  promoted  by  the  same  methods 
which  most  largely  increase  the  produce  of  the  land  !  Can 
you  doubt  that  the  All-benevolent  places  this  consequence 
so  plainly  before  you,  as  a  stimulus  to  further  and  more 
general  improvement — to  the  application  of  other  know- 
ledge still  to  the  amelioration  of  the  soil  1 

§  16.  CircumstajiCM  hy  which  the  effects  of  lime  are  modified. 

These  effects  of  lime  are  modified  by  various  circum* 
stances.  We  have  already  aeen  that  the  quantity  which 
must  be  applied  to  produce  a  given  effect,  and  the  form 
in  which  it  will  prove  most  advantageous  are,  in  a  great 
measure,  dependant  upon  the  dryness  of  the  soil,  upon  the 
quantity  of  vegetable  matter  it  contains,  and  on  its  stiff  or 
open  texture.  There  are  several  other  circumstances^ 
however,  to  which  it  is  proper  still  to  advert     Thus 

l^'.  Its  effects  are  greatest  when  well  mixed  with  the 
soil,  and  kept  near  the  surface  within  easy  reach  of  the  atmas* 
phere.    The  reason  of  this  will  hereafter  appear. 

2^.  On  arable  soils  of  the  same  kind  and  quality,  the  ef- 
fects are  greatest  upon  such  as  are  newly  ploughed  out, 
or  upon  subsoils  just  brought  to  day.  In  the  caseof  sub- 
soils, this  is  owing  partly  to  their  containing  naturally  very 
little  lime,  and  panly  to  the  presence  of  noxious  ingre* 
dients,  which  lime  has  the  power  of  neutralizing.  In  the 
case  of  surface  soils  newly  ploughed  out,  the  greater 
effect,  in  addition  to  these  two  causes,  is  due  also  to  the 
large  amount  of  vegetable  and  other  organic  matter  which 
has  gradually  accumulated  within  them.  It  is  the  presence 
of  this  organic  matter  which  has  led  to  the  establishment 
of  the  excellent  practical  rule-***^  that  lime  aught  always 
to  precede  putrescent  manures  when  old  leys  are  broken  up 
Jer  cultivation.'* 

3^.  Its  effects  are  greater  on  certain  geological  forma- 
tions than  on  others..  Thus  it  produces  much  effect  on 
drifted  (diluvial)  sands  and  clays-x-on  the  soils  of  the 
plastic  and  wealden  clays  (Part  11.  p.  356) — on  those  of 
the  new  and  old-red  sand-stones,  of  the  granites,  and  of 
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many  slate-rocks — and,  generally,  on  the  soils  formed  from 
all  rocks  which  contain  little  lime,  or  from  which  the  lime 
may  have  been  waahed  out  during  their  gradual  degra- 
dation. 

On  the  other  hand,  it  is  often  applied  in  vain  to  the  soils 
of  the  oolites  (Part  JI.  p.  359),  and  other  calcareous  for- 
mations, because  of  the  abundance  of  lime  already  present 
in  them.  The  advantage  derived  from  chalking  thin  day 
soils  resting  immediately  upon  the  chalk  rock  (Part  IL  p. 
357,  and  Part  III.  p.  112),  is  explained  by  the  almost  en- 
tire absence  of  lime  from  these  soils.  The  clay  cxivering 
of  the  chalk  wolds  has  probably  been  formed,  not  from 
the  ruins  of  the  chalk  rock  itself,  but  from  the  deposit  of 
muddy  waters,  which  rested  upon  it  for  some  time  before 
those  localities  became  dry  land. 

4^.  Lime  produces  a  greater  proporiumal  improvemaU 
upon  poor  soils  than  on  such  as  are  richer  (Dr.  AndeiBoti). 
This  also  is  easily  understood.  It  is  of  poor  soils  in  their 
natural  Hate  of  which  Dr.  A  nderson  speaks.*  In  this  stale 
they  contain  a  greater  or  less  quantity  of  organic  matter, 
but  are  nearly  destitute  of  lime,  and  hence  are  in  the  most 
favourable  condition  for  being  benefitted  by  a  copious 
liming.  Experience  has  proved  that  by  this  one  operation 
such  land  may  be  raised  in  money  value  eight  times,  or 
from  5s.  to  403.  per  acre  ;  but  no  practical  man  would  ex* 
pect  that  arable  land  already  worth  <£2  per  acre  could, 
by  liming  or  any  other  single  operation  become  worth 
^16  per  acre  of  annual  rent.  The  greater  proportiooal 
improvement  produced  upon  poor  lands  by  lime  is  oolj 
an  illustration,  therefore,  of  the  general  truth— that  on 
poor  soils  the  efforts  of  the  skilful  improver  are  always 
crowned  with  the  earliest  and  most  apparent  success. 

50.  In  certain  cases,  the  addition  of  lime,  even  to  land 
in  good  cultivation,  and  according  to  the  ordinary  aiKl  ap- 
proved practice  of  the  district,  produces  no  efiect  what- 
ever.    This  is  sometimes  observed  where  the  custom  pre- 


*  "  I  never  met,"  he  says, "  with  a  poor  soil  in  its  natural  tiate,  which 

not  benefitted  in  a  very  great  dome  by  calcareous  inotter  when  •dmi 

tered  in  proper  qnantities.  But  I  have  met  with  several  rich  soila,  which 
were  fully  impregnated  with  dung,  on  which  lime  applied  in  any  quantity 
produced  not  the  smallest  sensible  effect." 
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▼ails,  as  in  some  parts  of  Ayrshire  and  elsewhere,  to  apply 
lime  along  with  every  wheat  crop  (Part  III.  p.  126),  and 
on  such  farms  especially  where  the  land  is  of  a  lighter 
quality.  Where  from  40  to  60  bushels  of  lime  are  added 
at  the  end  of  each  rotation  of  4  or  5  years,  the  land  may 
soon  become  so  saturated  with  lime  that  a  fresh  addition 
will  produce  no  sensible  effect.  Thus  Mr.  Campbell,  of 
Cragie,  informs  me  of  a  trial  made  by  an  intelligent  farmer 
in  his  neighborhood  where  alternate  ridges  only  were 
limed  without  any  sensible  difference  being  observed.  No 
result  could  show  more  clearly  than  this — that  for  one  ro* 
tation  at  least  the  expense  of  lime  might  be  saved,  while 
at  the  same  time  the  land  would  run  the  less  risk  of  ex- 
haustion.  Another  fact  mentioned  by  Mr.  Campbell 
proves  the  soundness  of  this  conclusion.  The  lime  never 
fails  to  produce  obvious  benefit  where  the  land  is  allowed 
to  be  4  or  5  years  in  grass— >wbere  it  is  applied,  that  is, 
only  once  in  8  or  9  years.  The  fair  inference  is,  there- 
fore, that  in  this  district  as  well  as  in  others  where  similar 
effects  are  observed— too  much  lime  is  habitually  added 
to  the  land,  whereby  not  only  is  a  needless  expense  in* 
curred,  but  a  speedier  exhaustion  of  the  soil  is  insured. 
Gk>od  husbandry,  therefore,  indicates  either  the  applica- 
tion of  a  smaller  dose  at  the  recurrence  of  the  wheat  crop— 
or  the  occasional  omission  of  lime  altogether  for  an  entire 
rotation.  The  practical  farmer  cannot  have  a  better  mode 
of  ascertaining  when  his  land  is  thus  fully  supplied  with 
lime — ^than  by  making  the  trial  upon  alternate  ridges,  and 
marking  the  effect. 

6<'.  On  poor  arable  lands,  which  are  not  naturally  so, 
but  which  are  worn  out  or  exhausted  by  repeated  liming 
and  cropping,  lime  produces  no  good  whatever*  (Ander- 
son, Brown,  Mortoo).  Such  soils,  if  they  do  not  already 
abound  in  lime,  are,  at  least,  equally  destitute  of  numerous 
other  kinds  of  food,  organic  and  inorganic,  by  which 
healthy  plants  are  nourished,— *and  they  are  only  to  be  re- 
stored to  a  fertile  condition  by  a  judicious  admixture  of 

*  **  It  ii  icaicely  piaclicable  to  retfore  fertUity  to  land,  9vtn  of  the  bait 
nataral  ouality,  which  has  been  thiu  abated ;  and  thin  mooiiifa  loilai  after 
being  euuraated  by  lime,  are  not  to  be  reetwed."    (Brown). 
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alU  This  truth  is  confirmed  by  the  practical  obeenratioo, 
that  oa  soils  so  exhausted  farm-yard  manure  along'  with 
the  lime  does  not  produce  the  same  good  results  aa  in 
other  cases.  AU  that  the  soil  requires  is  not  supplied  in 
sufficient  abundanoe  by  these  two  substances  laid  on  alone. 

7^,  Od  lands  of  this  kind,  and  on  all  in  which  Tegetabte 
matter  is  wanting,  lime  may  even  do  harm  to  the  immedi- 
ate crop.  It  is  apt  to  singe  or  hum  the  com  sown  upon 
them  (Brown) — an  effect  which  is  probably  chemical,  bnt 
which  may  in  part  be  owing  to  its  rendering  more  open 
and  friable  soils  already  by  long  arable  culture  too  open 
already  (Morton). 

8^.  A  consideration  of  the  circumstances  above  adTorted 
to  explains  why,  in  some  districts,  and  even  in  some  whole 
provinces,  the  use  of  lime  in  any  form  should  be  con- 
demned and  even  entirely  .given  up.  The  soil  has  been 
impoverished  through  its  unskilful  application-— or,  by 
large  admixtures  of  lime  or  marl  for  a  series  of  years,  the 
soil  has  been  so  changed  as  to  yield  no  adequate  return 
for  new  additions.  Thus  for  a  generation  or  two  the 
practices  of  liming  and  marling  are  abandoned,  to  be 
slowly  and  reluctantly  resumed  again,  when  natural  causes 
have  removed  the  lime  from  the  soil,  and  produced  an  ae» 
cumulation  of  those  other  substances  which,  when  aseo- 
ciated  with  it,  contribute  to  the  productiveness  of  the  land. 

§  17.  Effects  of  an  oter-dose  of  lime. 

There  are  several  effects  which  are  familiar  to  the  prac- 
tical man  as  more  or  less  observable  when  lime  in  any  form 
is  laid  too  lavishly  upon  the  land.     Thus 

1^.  It  is  rendered  so  loose  by  an  overdose  as  to  be  ca- 
pable of  holding  no  water  (Kames).  Upon  stiff  clays  a 
very  large  quantity  indeed  will  be  required  to  produce  this 
effect. 

2^,  By  an  overdose  of  quick-lime  the  land  is  hardened 
to  such  a  degree  as  to  bo  impervious  to  water  or  to  the 
roots  of  plants.  Several  parts  of  the  Carse  of  Gowrie  are 
thus  rendered  so  hard  as  to  be  unfit  for  vegetation 
(Kames).*      This  effect  will  be  observed  only  in  soils 

*  Lord  Kamei'i  amOeimm  JPorsMr,  ediL  180S. 
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which  are  naturally  wet  and  undrained,  or  where  much 
rain  has  fallen  and  lingered  on  the  land  after  the  lime  has 
been  applied  (Part  111,  p.  131). 

3°.  But  the  most  injurious  effect  of  an  oyer*limin^, 
whether  it  be  laid  on  at  one  or  at  successive  periods^  is 
the  exhaustion  by  which  it  is  succeeded.  "  An  overdose 
of  shell-marl/'  says  Lord  Kames,  "  laid  perhaps  an  inch 
thick,  produces  for  a  time  large  crops,  but  at  last  renders 
the  soil  capable  of  bearing  neither  corn  nor  grass,  of 
which  there  are  many  examples  in  Scotland.''  The  same 
is  true  of  lime  in  any  form.  The  increased  fertility  con- 
tinues as  long  as  there  remains  an  adequate  supply  of 
organic  (animal  and  vegetable)  matter  in  the  soil,  but  as 
that  disappears  the  crops  every  year  diminish  both  in 
quantity  and  in  quality. 

An  interestine  illustration  of  this  exhausting  power  of 
lime  is  afforded  by  the  observed  effects  of  long- continued 
marling  upon  certain  poor  soils  in  the  province  of  Isere, 
in  France.  The  marl  there  employed  is  a  sandy  marl, 
containing  from  30  to  60  per  cent  of  carbonate  of  lime — 
very  much  like  the  lime-sand  of  Ireland  or  the  shell-sand 
of  the  Western  Islands  already  described  (Part  III.,  p. 
107).  A  layer  of  this  marl  one-third  of  an  inch  thick, 
applied  at  intervals  to  a  soil  producing  in  its  natural  state 
only  a  thrte-fclA  return  of  rye  every  other  year,  causes  it 
to  yield  for  the  first  10  or  12  years  an  eight-fold  return  of 
wheat.  But  after  40  years  marling,  the  farmers  now  com- 
plain that  the  land  will  give  only  a  four-fold  return  of 
wheat.  But  the  cause  of  this  reduction  is  to  be  found  in 
the  constant  cropping  with  com,  in  the  growing  of  no 
green  crops,  and  in  the  addition  of  no  manure.  Yet  even 
with  this  treatment  the  land  is  still  more  productive  than 
before  the  marling  was  commenced.  It  produces  four  re- 
turns instead  of  three,  and  it  grows  wheat  where  before 
only  rye  would  thrive  and  ripen. 

From  the  possession  of  tnis  exhausting  property  has 
arisen  the  almost  universally  diffused  proverb,  that  lime 
enriches  thefathtre  but  impoverishes  the  sons.  The  faulty 
however,  is  not  in  the  lime,  but  in  the  improvident  fathers, 
who  in  this  case,  as  in  so  many  others,  exhaust  and  incon- 
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siderately  aquBiider  the  inheritance  of  their  sons*  If  cars 
be  taken  to  keep  up  the  supply  of  organic  natter  in  the 
soil — by  copious  additions  of  manure  or  otherwise  (Pan 
III.,  p.  127)— lime  may  be  added  freely  and  a  system  of 
high  farming  kept  up,  by  which  both  the  present  holder 
ol  the  land,  and  his  successor,  will  be  equally  benefitted. 
The  opinion  expressed  by  some  of  the  highest  aatfaori- 
ties  among  practical  men,  that  too  much  lime  cannoi  be 
added,  provided  the  soil  abound  sufficiently  in  Tegetabla 
matter,  may  perhaps  be  rather  over-stated;  but  it  an- 
doubtedly  embodies  the  result  of  long-continued  genersl 
observation— that  the  exhausting  effect  of  lime  may  be 
postponed  indefinitely  by  a  liberal  management  of  the 

§  18.  Length  of  time  during  which  lime  acts. 

It  is  the  fate  of  nearly  all  the  superficial  improvements 
of  the  soil,  that  they  are  only  temporary  ia  their  duration. 
The  action  of  lime  ceases  after  a  time,  and  the  land  re- 
turns to  its  original  condition.  The  leng^th  of  time  which 
must  elapse  before  this  takes  place  will  depend,  among 
other  circumstances,  upon  the  quantity  of  lime  added  to, 
or  originally  contained  in,  the  soil — upon  the  kind  of 
cropping  to  which  it  is  subjected — on  tne  nature  of  the 
soil  itself — on  the  slope  and  exposure  and  natural  moisture 
of  the  land,  and  on  the  climate  in  which  it  is  situated. 

We  have  seen  that  on  the  arable  lands  of  the  south  of 
Scotland,  20  years  is  the  longest  period  during  which  the 
doses  there  spplied  act  benencially  upon  the  crops^-while 
in  other  parts  of  the  country  renewed  applications  are 
considered  necessary  at  mUch  shorter  intervals.  Mr.  Daw- 
son, of  Frogden,  who  introduced  the  practice  of  liming 
into  the  Border  counties  of  Scotland,  observed  that,  when 
harrowed  in  with  the  grass  seeds,  its  effect  in  improving 
the  subsequent  pasture  was  sensible  for  30  years  aAer. 
A  heavy  marling  or  chalking  in  the  Southern  and  Midland 

*  In  Gennsny  the  necetnry  muon  of  manure  and  mail  ii  in  iIm 
of  eveiy  peaaaat— 


I*c  <Im  a«ld  rm*  aierr«Ui  Ttrqatat* 
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oounties  of  England  is  said  also  to  last  for  30  years,*  and 
the  same  period  is  assigned  to  the  sensible  effect  of  the. 
ordinary  doses  of  liroe-sand  in  Ireland,  and  of  shell-sands 
and  marls  in  several  parts  of  France. 

The  effect  of  the  lime  lessens  gradually,  and  though  at 
the  end  of  an  assignable  number  of  years  it  becomes 
almost  insensible,  yet  it  does  not  altogether  cease  till  a 
much  later  period.  This  period  is  in  some  cases  so  pro- 
tracted that  intelligent  practical  men  are  in  many  districts 
to  be  met  with  who  believe— -that  certain  ffrass  lands 
would  never  forget  a  good  dose  of  lime  (Part  III.,  p.  137,. 
note). 

§  19.  Of  ike  sinking  of  lime  into  the  saH, 

One  of  the  causes  of  this  gradual  diminution  of  the  ac- 
tion of  lime  is  to  be  found  in  the  singular  property  it  pos- 
sesses of  slowly  sinking  into  the  land,  until  it  almost 
entirely  disappears  from  the  surface  soil.  It  has  been  long^ 
familiar  to  practical  men,  that  when  grass  lands,  which 
have  been  limed  on  the  sward,  are  after  a  time  broken  up, 
a  white  layer  or  band  of  lime  is  seen  at  a  greater  or  less 
depth  beneath  the  surface,  but  lodging,  generally,  where 
it  has  attained  its  greatest  depth,  between  the  upper,  loose 
and  fertile,  and  the  lower,  more  or  less  impervious  and 
unproductive  soil.  In  arable  lands  the  action  of  the 
plough  counteracts  this  tendency  in  some  measure,  bring- 
ing up  the  lime  again  from  beneath,  and  keeping  it  mixed 
with  the  surface  mould.  Yet,  through  ploughed  land  it 
sinks  at  length,  especially  where  the  ploughing  is  shallow, 
and  even  the  industry  of  the  gardener  can  scarcely  pre- 
vent it  from  descending  beyond  the  reach  of  his  spade. 

The  chief  cause  of  this  sinking  is  to  be  founa  in  the 
extreme  minuteness  of  the  particles  into  which  slaked 
lime  naturally  falls.  If  a  portion  of  slaked  lime  be  mixed 
with  water  it  forms  a  milky  mixture,  in  which  some  lime 
is  dissolved,  but  much  more  is  held  in  suspension  in  an 
extremely  divided  state.  When  this  milk  is  allowed  to 
stand  undisturbed,  the  fine  particles  subside  very  slowly, 

*  Applied  at  a  coet  of  30s.  to  508.  per  acre,  according  to  the  locality .~Mr. 
Pnsey,  Royal  AgricuUural  Journal,  iii.,  p.  185. 

PART  III.  13 
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and  are  easily  again  disturbed,  but  it  thrown  upon  a  filter 
tikey  are  arrested  ittiinediately,  and  the  lime-water  passes 
Aroagh  clear.  Suppose  these  fine  particles  to  be  mixed 
with  the  soil,  and  the  rain  to  fall  upon  them,  it  will  cury 
them  downwards  through  the  pores  of  the  soil  till  the  close 
ffubsoil  acts  the  part  of  a  filter,  and  arrests  them.  This 
tendency  to  be  washed  down  is  common  not  only  to  lime 
but  to  all  fhinutely  divided  tariky  nuiUer  f^f  a  99^ficientiy 
meoherent  nature.  Hence  the  formation  of  that  more  or 
less  impervious  layer  of  finely  divided  matter  which  ao 
often  forms  the  subsoil  beneath  free  and  open  surface  soils. 
And  that  lime  should  appear  alone  or  chiefly  to  sink  on 
any  cultivated  field,  may  atise  from  this  circumstance— 
that  the  continued  action  of  the  rains  had  long  belbra 
carried  downwards  the  finer  inoc^erent  particles  of  otber 
kinds  which  existed  natui*ally  in  the  soil,  and  therefore 
oould  find  little  else  but  the  lime  on  which  this  aotioii 
oould  be  exercised. 

This  explanation  is  satisfhctory  enough  in  the  case  of 
light  and  open  soils,  vrhich  are  full  of  pores,  but  it  appears 
less  BO  in  regard  to  stiff  clays  and  to  loaray  soils  wLicli  are 
not  only  close  and  apparently  void  oi  pores,  bat  seem 
themselves  to  consist  of  particles  in  a  sufficiently  minute 
state  of  division  to  admit  of  their  being  carried  down  by 
the  raios  in  an  equal  degree  with  lime  itself.  This  diffi- 
culty induced  Lord  Dundonald  to  suspect  the  agency  of 
some  chemical  principle  in  producing  the  above  effect.* 
As  the  lime,  however,  is  unchanged  after  it  has  descended* 
is  still  in  a  powdery  state,  and  exhibits  no  appearance  of 
having  been  dissolved,  it  is  difficult  to  imagine  any  chemi* 
cal  action  by  which  such  a  sinking  could  have  been 
brought  about. 

It  is  possible  that  in  grass  lands  the  earth-worms,  which 
contribute  so  much  to  the  gradual  production  of  a  &e 
mould,  may,  by  bringing  up  the  other  earthy  matters  only. 


*  **  In  clayey  foid  loamy  soils,  which  are  (7)  equally  diffusible  with  limfli, 
and  nearly  of  the  same  specific  gravity,  the  tendency  which  lime  has  to 
sink  cannct  be  accounted  for  aimply  on  mecbanioal  pnadpleaL"— -Lord 
Pundonald's  AgricuUtaral  Chemistf^  p,  45. 
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contribute  to  the  apparent  sinking  of  the  liine»  as  well  %i 
of  certain  other  top-dressings.* 

The  effects  of  this  sinking  are  to  remove  the  lime  from 
the  surface  soil,  and  to  form  a  layer  of  calcareous  matter 
which  in  wet  or  impervious  bottoms  will  harden  and  form 
a  more  or  less  solid  bed  or  pan,  through  which  the  rains 
and  roots  refuse  to  penetrate,  and  which  the  subsoil  plougji 
in  some  districts  can  tear  up  with  difficulty.  On  our  stilSr 
soils  it  encourages  the  growth  of  the  troublesome  colts- 
foot, and  in  the  open  ditches  of  the  wholesome  water-cress. 

The  practical  remedies  for  this  sinking  are  of  two  kinds' : 

1^.  The  ploughing  of  a  deeper  furrow,  and  hence  one 
of  the  benefits  which  in  many  localities  follow  the  use  of 
the  trench  plough  (Part  III.,  p.  129). 

2®.  The  sowing  of  deep-rooted  and  lime-loving  crops, 
such  as  lucerne  and  sainfoin,  which  in  such  soils  not  only 
thrive,  but  bring  up  in  their  stems,  and  restore  to  the  sur- 
face a  portion  of  the  lime  which  had  previously  descended, 
and  thus  make  it  available  to  the  after-crops. 

§  20.   Whif  liming  mmt  be  repeated. 

Lime  which  sinks,  as  above  described,  does  not  whoHy 
escape  from  the  soil,  but  may  by  judicious  management  be 
again  brought  to  the  surface.  Such  a  sinking,  therefore, 
does  not  necessarily  call  for  the  addition  of  a  fresh  dose 
of  lime,  nor  does  it  explain  the  reason  why  in  practice  the 
application  of  lime  to  the  land  must  at  certain  intervals  be 
every  where  repeated. 

We  have  already  seen  that  the  influence  of  the  lime  we 
have  laid  upon  our  fields  af^er  a  time  gradually  diminishes 
-^the  grass  becomes  sensibly  less  rich  year  by  year,  the 
crops  of  com  less  abundant,  the  kind  of  grain  it  will  ripen 
less  valuable.  Does  the  lime,  you  might  ask,  actually  dis- 
appear from  the  soil,  or  does  it  merely  cease  to  act  %  Tins 
question  has  been  most  distinctly  answered  by  an  experi- 
ment of  Lampadius.  He  mingled  lime  with  the  soil  of  a 
piece  of  ground  till  it  was  in  tlie  proportion  of  1.19  per 
cent,  of  die  whole,  and  he  determined  subsequently,  by 

*  See  m  a  subsequent  lecture  the  remarks  en  laying  down  to  gnus ;  ako 
the  Author's  Elsjis^itb  of  AoRiouLTvajki.  Chbmist&t,  p.  212. 


148  WHY  LIMING   MUST   BE   REPEATED. 

analysis,  the  quantity  of  lime  it  contained  in  each  of  the 
three  succeeding  years. 

CartioDmte  of  lim. 

The  first  year  it  contained  -    -    -  1-19  per  cent. 

The  second  year 0  89 

The  third  year 0*52      . . . 

The  fourth  year 0-24     . .  .♦ 

There  can  he  no  question,  therefore,  that  the  lime  gradu- 
ally dbappears  or  is  removed  from  the  soil. 

The  agencies  by  which'  this  removal  is  effected  are  of 
several  kinds. 

1^,  In  some  cases  it  sinks,  as  we  have  already  seen,  and 
escapes  into  the  subsoil  beyond  the  reach  of  the  plough  or 
of  the  roots  of  our  cultivated  crops. 

2^.  A  considerable  quantity  of  lime  is  annually  remoTed 
from  the  soil  by  the  crops  which  are  reaped  from  it.  We 
have  already  seen  (Part  IL,  p.  326)  that  in  a  four  years* 
rotation  of  alternate  g^een  and  com  crops  the  quantity  of 
lime  contained  in  the  average  produce  of  good  land 
amounts  to  243  lbs.  This  is  equal  to  60  lbs.  of  quick^lime 
or  107  lbs.  of  carbonate  of  lime  every  year.  The  whole 
of  this,  however,  is  not  usually  lost  to  the  land.  Part  at 
least  is  restored  to  it  in  the  manure  into  which  a  large 
proportion  of  the  produce  is  usually  converted.  Yet  a 
considerable  quantity  is  always  lost— escaping  chiefly  in 
the  liquid  manure  and  in  the  draining^s  of  tne  dung-faeapa 
-—and  this  loss  must  be  repaired  by  tibe  renewed  addition 
of  lime  to  the  land. 

3^.  But  the  rains  and  natural  springs  of  water  percola- 
ting through  the  soil  remove,  in  general,  a  still  greater 
proportion.  While  in  the  quick  or  caustic  state,  lime  is 
soluble  in  pure  water.  Seven  hundred  and  fifly  pounds 
of  water  will  dissolve  about  one  pound  of  lime.  The 
rains  that  fall,  therefore,  cannot  fail,  as  they  sink  through 
the  soil,  to  dissolve  and  carry  away  a  portion  of  the  lime 
so  long  as  it  remains  in  the  caustic  state. 

Again,  quick-lime,  when  mixed  with  the  soil,  speedily 
attracts  carbonic  acid,  and  becomes,  after  a  time,  converted 
into  carbonate,  which  is  nearly  insoluble  in  pure  water* 

*  Schiibltr,  AgricMUur  Chemie,  ii.  p.  14L 
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B4it  this  oarbonctte,  as  we  have  ^rmij  seen  (Part  I.,  p. 
62),  is  soluble  in  water  impregnated  witk  ceidmDnic  aoLdf*- 
and  as  the  drops  of  rain  in  fflilliiig  absorb  this  acid  from 
the  air,  they  become  capable,  when  they  reach  the  soil,  of 
dissolving  an  appreciable  quantity  of  the  finely  divided 
carbonate  which  tney  meet  with  upon  our  cultivated  lands* 
Hence  the  water  that  flows  from  the  drains  upon  such 
lands  is  always  impregnated  with  lime,  and  sometimes  to 
so  g^eat  a  degree  as  to  form  calcareous  deposits  in  the 
interior  of  the  drains  themselves,  where  the  fall  is  so  gentle 
as  to  allow  the  water  to  linger  a  sufficient  length  of  time 
in  the  soil. 

It  is  impossible  to  estimate  the  quantity  of  lime  which 
this  dissolving  action  of  the  rains  must  gradually  remove* 
It  will  vary  with  the  amount  of  rain  which  falls  in  each 
locality,  and  with  the  slope  or  inclination  of  the  land-; 
but  the  cause  is  at  once  universal  and  constantly  operating, 
and  would  alone,  therefore,  render  necessary,  aHer  the 
lapse  of  years,  the  application  of  new  doses  of  lime  both 
to  our  pastures  and  to  our  arable  fields. 

4^.  During  the  decay  of  vegetable  matter,  and  the  de- 
composition of  mineral  compounds,  which  take  place  in 
the  soil  where  lime  is  present,  new  combinations  are  formed 
in  variable  quantities  which  are  more  soluble  than  the 
carbonate,  and  which  therefore  hasten  and  facilitate  this 
washing  out  of  the  lime  by  the  action  of  the  rains^  Thus 
chloride  of  calcium,  nitrate  of  lime,  and  gypsum  are  all 
produced — of  which  the  two  former  are  eminently  soluble 
in  water— while  organic  acids  also  result  from  the  decay 
of  the  organic  matter,  with  some  of  which  the  lime  foroos 
]:eadily  soluble  compounds  (salts)  easily  removed  by  water. 

The-  ultimate  resolution  of  all  vegetable  matter  in  th<e' ' 
soil  intoxarbonic  aeid  and  water  (Part  I.,  p.  227)  likewise 
aids  the  removal  of  the  lime.  For  if  the  soil  be  evezy 
where  impregnated  with  carbonic  acid,  the  rain  and  sprinpr 
waters  that  flow  through  it  will  also  become  charged  with 
this  gas,  and  thus  be  enaUed  to  dissolve  a  larger  portton 
of  the  c«rbo«ate  of  lime  than  iihey  eould  otherwise  do. 
Thus  theoiyindicateSy'v^Mt  I  belieareesperience  oonftms, 
that  a  fl^ven  qoantitj  of  lime  vnll  disappear  the  aooner 

13* 
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from  afield,  the  more  abundant  the  animal  and  vegetable 
matter  it  contains. 

§  21.  Theory  qfikt  action  oflvme, 

lime  acts  va,  two  ways  upon  the  soil.  It  produces  a 
mechanical  alteration  which  is  simple  and  easily  under- 
Btood,  and  is  the  cause  of  a  series  of  chemical  changes, 
which  are  really  obscure,  and  are  as  yet  susceptible  of  only 
partial  explanation. 

In  the  finely  divided  state  of  quick-lime,  of  alaked 
lime,  or  of  soft  and  crumbling  chalk,  it  stiffens  very  loose 
soils,  and  opens  the  stiffer  clays, — while  in  the  form  of 
limestone  gravel  or  of  shell  sand,  it  may  be  employed 
either  for  opening  a  clay  soil  or  for  giving  body  and  firm- 
ness to  bo^gy  land.  These  effects,  and  their  explanation, 
are  so  obvious  to  yoi^  that  it  is  unnecessary  to  dwell  upon 
them. 

The  purposes  served  bv  lime  as  a  chemical  constituent 
of  the  soil  are  at  least  of  four  distinct  kinds. 

1^.  It  supplies  a  kind  of  inorganic  food  which  appears 
to  be  necessary  to  the  healthy  growth  of  all  our  cultivated 
plants. 

2^.  It  neutralizes  acid  substances  which  are  naturally 
formed  in  the  soil,  and  decomposes  or  renders  harmless 
other  noxious  compounds  which  are  not  unfrequentlj 
within  reach  of  the  roots  of  plants. 

3o.  It  changes  the  inert  vegetable  matter  in  the  soil,  9o 
as  gradually  to  render  it  useful  to  vegetation. 

4^.  It  causes,  facilitates,  or  enables  other  useful  com- 
pounds, both  organic  and  inorganic,  to  be  produced  in  the 
soil,—- or  so  promotes  the  decomposition  of  existing  com- 
pounds as  to  prepare  them  more  speedily  for  entering  into 
the  circulation  of  plants. 

These  several  modes  of  action  it  will  be  necessary  to  il- 
lustrate in  some  detail. 

§  22.  Of  lime  as  the  food  qfplanU* 

In  considering  the  chemical  nature  of  the  ash  of  plants 
(Part  II.  pp.  319  to  329),  we  have  seen  that  lime  in  all 
cases  forms  a  considerable  proportion  of  its  whole  weight. 
Hence  the  reason  why  lime  is  regarded  as  a  neceosary 
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food  of  plants,  and  henee  also  one  cause  of  its  beneficial 
influence  in  general  agricultural  practice. 

The  quantity  of  pure  lime  contained  in  tbe  crops  pro- 
duced upon  one  acre  during  a  four  years'  rotation  amounts, 
on  an  average,  to  242  lbs.*  which  are  equal  to  about  430 
lbs.  (say  4  c  wt.)  of  carbonate  of  lime,  in  the  state  of  marl, 
shell-sand,  or  lime-stone  gravel.  It  is  obvious,  therefore, 
that  one  of  the  most  intelligible  purposes  served  hj  lime, 
as  a  chemical  constituent  of  the  soil,  is  to  supply  this  com- 
paratively large  quantity  of  lime,  which  in  some  form  or 
other  must  enter  into  the  roots  of  plants. 

But  the  different  crops  which  we  grow  contain  lime  in 
unlike  proportions.  Thus  the  average  produce  of  an  acre 
of  land  under  the  following  crops  contains  of  lime^ 

Grain  •rroola. 

Wheat  (25  bush.)  -  n  15  - 

Barley  (38  bush.)  -  -  21- 

Oats  (50  bush.)  -  •  2*5  - 

Turnips  (25  tons)    -  -  45*8  - 

Potatoes  (9  tons)      •  -  6*6  - 

Red  Clover  (2  tons)      •  -  —  - 

Rye  grass  (2  tons)      -  •  —  - 

These  quantities  are  not  constant,  and  wheat  especially 
contains  much  more  lime  than  is  above  stated,  when  it  is 

S'own  upon  land  to  which  lime  has  been  copiously  applied, 
ut  the  very  different  quantities  contained  in  the  several 
crops,  as  above  exhibited,  show  that  one  reason  why  lim4 
Javours  the  growth  of  some  crops  more  than  others  is^  that 
some  actually  take  up  a  larger  quantity  of  lime  as  food. 
These  crops,  therefore,  require  the  presence  of  lime  in 
greater  proportion  in  the  soil,  in  order  that  they  may  be 
able  to  obtam  it  so  readily  that  no  delay  may  occur  in  the 
performance  of  those  functions  or  in  the  growth  of  those 
parts  to  which  lime  is  indispensable. 

i23.  The  chemical  aciion^of  Ume  is  exerted  cuimwly  upon, 

the  organic  matter  of  the  soil. 

There  are  four  circumstances  of  great  practical  im- 

•8««Ptttap.aM. 


Straw  or  topt. 

Tout. 

7-2  -  -  . 

8-7  lbs. 

12-9  -  -  . 

15  Ibe. 

5-7 

8*2  lbs. 

930 

-  138-8  lbs. 

259-4  -  -  - 

-  2660  lbs. 

1260  -  -  - 

126-0  lbs. 

330  -  -  - 

.    33-0  lbs. 
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portance  in  regard  to  the  action  of  lime,  which  cannot  be 
too  carefully  considered  in  reference  ako  to  the  theory  of 
its  operation.     These  are-^ 

1°.  That  lime  has  little  or  no  effect  upon  aoilfl  in  vriiich 
organic  matter  is  deficient. 

go.  That  its  apparent  effect  is  inconsiderable  daring  die 
first  year  after  its  application,  compared  with  that  wludi 
it  produces  in  the  second  and  third  yeiura. 

30.  That  its  effect  is  most  sensible  when  it  is  kept  nav 
the  surface  of  the  soil,  and  gradually  beoomes  leaa  as  it 
sinks  towards  the  subsoil.    And 

4^.  That  under  the  influence  of  lime  the  organic  mmter 
of  the  soil  disappears  more  rapidly  than  it  otherwise 
would  do,  and  that  after  it  has  thus  disappeared  fxBsb  ad- 
ditions of  lime  produce  no  further  good  effect 

It  is  obvious  from  these  facts,  that  in  general  the  main 
beneficial  purpose  served  by  lirae  is  to  be  sought  for  in  the 
nature  of  its  chemical  actios  upon  the  organic  matter  of 
di^  soil— -an  action  which  takes  place  slowly,  i^ich  is 
hastened  by  the  access  of  air,  and  which  causes  the  orgnnic 
matter  itself  ultimately  to  disappear. 

§  24.  0/tke  fomu  in  tohich  organic  matter  ueually  exiHe  im 
the  soil,  and  the  circumstances  under  which  its  decom- 
position may  taks  place. 

r.— The  organic  matter  which  lime  thus  causes  to  dis- 
^pear  is  presented  to  it  in  one  or  other  of  five  different 
forms: 

lo.  In  that  of  recent,  o/len  green,  moist,  and  undecom* 
posed  roots,  leaves,  and  stems  of  plants. 

2<>.  In  that  of  dry,  and  still  undecomposed,  yef[ie^isiA% 
matter,  such  as  straw. 

Z^.  In  a  more  or  less  decayed  or  decaying  state,  gene- 
rally black  or  brown  in  colour*— and  often,  in.some  degree 
soluble  in  water. 

A^,  In  what  is  called  the  inert  state,  when  spontaneona 
decay  ceases  to  be-  sensibly  observed*    And 

6^,  In  the  state  of  chemical  combination  with. the  eajdiy 
substances — with  the  alumina  for  example,  and  with  the 
limo  or  magnesia — already  existing  in  the  soil. 
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Upon  these  several  varieties  of  org^ic  matter  lime  acts 
'with  different  degrees  of  rapidity. 

II. — The  final  result  of  the  decomposition  of  these  seve- 
ral forms  of  organic  matter,  when  they  contain  no  nitrogen, 
is  their  conversion  into  carbonic  acid  and  water  only  (Part 
I.  p.  227).  They  pass,  however,  through  several  intermedi- 
ate stages  before  they  reach  this  point — the  number  and 
rapidity  of  which,  and  the  kind  of  changes  they  undergo 
at  each  stage,  depend  upon  the  circumstances  under  which 
the  decomposition  is  effected.  Thus  the  substance  may 
decompose — 

1<>.  Alone,  in  which  case  the  changes  that  occur  proceed 
slowly,  and  arise  solelv  from  a  new  arrangement  of  its 
own  particles.  This  kind  of  decomposition  rarely  occurs 
to  any  extent  in  the  soil. 

2^.  In  the  presence  of  water  only. — This  also  seldom  takes 
place  in  the  soil.  Trees  long  buried  in  moist  clays  im- 
pervious to  air,  exhibit  the  kind  of  slow  alteration  which 
results  from  the  presence  of  water  alone,  In  the  bottoms 
of  lakes,  ditches,  and  boggy  places  also,  from  which  in- 
flammable gases  arise,  water  is  the  principal  cause  of  the 
more  rapid  decomposition. 

30.  In  the  presence  of  air  only. — ^In  nature  organic  mat- 
ter is  never  placed  in  this  condition,  the  air  of  our  atmos- 
phere being  always  largely  mixed  with  moisture.  In  dry 
air  decomposition  is  exceedingly  slow,  and  the  changes 
which  dry  organic  substances  undergo  in  it  are  often 
scarcely  perceptible. 

4^.  In  the  presence  of  both  water  and  air. — This  is  the  al- 
most universal  condition  of  the  organic  matter  in  our  fields 
and  farm-yards.  The  joint  action  of  air  and  water,  and 
the  tendency  of  the  elements  of  the  organic  matter  to  enter 
into  new  combinations,  cause  new  chemical  changes  to 
succeed  each  other  with  much  rapidity.  It  will  of  course 
be  understood  that  moderate  warmth  is  necessary  to  the 
production  of  these  effects.* 

*  A  fiuniliar  illuskntion  of  the  conjoined  efficacy  of  air  and  water  in  pro- 
ducing oxidation  ia  exhibited  in  their  action  upon  iron.  If  a  piece  of  pol- 
ished iron  be  kept  in  perfectly  dry  air  it  will  not  miL  Or  if  it  be  completely 
covered  over  with  pore  water  ma  well-stoppered  bottle,  ftom  wmch  air 
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5^,  In  the  presence  of  lime  or  of  some  other  alcaline  sub- 
stance (potash,  soda,  or  magnesia). — Organic  matter  is 
oflen  found  in  the  soil  in  such  a  state  that  the  conjoioed 
action  of  hoth  air  and  water  are  unable  to  hasten  on  its 
decomposition.  A  new  chemical  agency  most  then  be 
introduced,  by  which  the  elements  of  the  orgranic  mtttter 
may  again  be  set  in  motion.  Lime  is  the  agent  which  for 
this  purpose  is  most  largely  employed  in  practical  agri- 
culture. 

§  25.    General  action  of  alcaline  substances  upon  organic 

matter. 

It  is  this  action  of  alcaline  matters  upon  the  organic 
substances  of  the  soil  in  the  presence  of  air  and  water  that 
we  are  principally  to  investigate. 

When  organic  matter  undergoes  decay  in  the  presence 
of  air  and  water  only,  it  first  rots,  as  it  is  called^  and 
blackens,  giving  off  water  or  its  elements  chiefly,  and 
forming  humus — a  mixture  of  humic,  ulmic,  and  acrase 
other  acids  (Part  III.  p.  406)  with  decaying  vegetable  fifan. 
It  then  commences,  at  the  expense  of  the  oxygen  of  die 
air  and  of  water,  to  form  other  more  soluble  acids  (maHe, 
acetic,  lactic,  crenic,  mudesic,  &c.),  among  which  is  a  por- 
tion of  carbonic— -and,  by  the  aid  of  the  hydrogen  of 
the  water  which  it  decomposes,  one  or  more  of  the  many 
compounds  of  carbon  and  hydrogen,  which  often  rise  ap» 
as  the  marsh-gas  does,  and  escape  into  the  air  (Part  I.  p. 
228). 

Thus  there  is  a  tendency  towards  the  acoumnlation  of 
acid  substances  of  vegetable  origin  in  the  soil,  and  this  is 
more  especially  the  case  when  the  soil  is  moist,  and  wfaeie 
much  vegetable  matter  abounds.  The  effect  of  this  super* 
abundance  of  acid  matter  is.  on  the  one  hand,  to  aireat  the 

ifl  excluded,  it  will  remain  bright  and  untamiidied.  Bui  if  ft  pnliahed  rod  of 
iron  be  put  into  an  open  vesael  half  fUU  of  water,  ao  that  one  pact  of  in 
lenffth  only  is  under  the  water — ^then  the  rod  will  begin  very  aoon  to  cwt 
at  the  surface  of  the  water,  and  a  brown  ochrey  ring  of  onde  will  fona 
around  it,  exactly  where  the  air  and  water  meet.  Froin  this  point  tlM  nist 
will  gradually  spread  upwards  and  downwards.  So  it  is  with  the  otganic 
matter  of  the  soil.  Wherever  the  sir  and  water  meet,  their  deeompoflmg 
action  upon  it,  in  ordinary  temperalureB,  soon  beoones  pereapCibla. 
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furtber  nataral  deeay  of  the  organic  matter,  and  on  the 
other  to  render  the  soil  unfaTonrable  to  the  healthy  growth 
of  young  or  tender  plants. 

The  general  effect  of  the  presence  of  alcalhie  snbstan- 
ces  in  the  soil  is  to  counteract  these  two  evils^  They 
combine  with  and  thus  remove  the  sourness  of  the  acid 
bodies  as  they  are  formed.  In  consequence  of  this  the  soil 
becomes  stoeeter  or  more  propitious  to  vegetation,  while 
the  natural  tendency  of  the  vegetable  matter  to  decay  is 
DO  longer  arrested. 

It  is  thus  dear  that  an  immediate  good  effect  upon  the 
land  must  follow  either  from  the  artificial  application  or 
from  the  natural  presence  of  alcaline  matter  in  the  soil- 
while  at  the  same  time  it  will  cause  the  vegetable  matter 
to  disappear  more  rapidly  than  would  otherwise  be  the 
case.  13 ut  the  effect  of  such  substances  does  not  end  here. 
They  actually  dispose  or  provoke — pre-duposo  chembts 
call  it — the  vegetable  matter  to  continue  forming  acid 
substances,  in  order  that  they  may  combine  with  them, 
and  thus  cause  the  organic  matters  to  disappear  more 
rapidly  than  they  otherwise  would  do — in  other  words, 
they  hasten  forward  the  exhaustion  of  the  vegetable  mat- 
ter of  the  soil. 

Such  is  the  general  action  of  all  alcaline  substances. 
This  action  they  exhibit  even  in  close  vessels.  Thus  a 
solution  of  grape  sugar,  mixed  with  potash,  and  left  in  a 
warm  place,  slowly  fojms  melagsic  acid — while  in  cold 
lime-water  the  same  sugar  is  gradually  converted  into  ano- 
ther acid  called  the  glucic.  But  in  the  air  other  acids  are 
formed  in  the  same  mixtures,  and  the  changes  proceed 
more  rapidly.  Such  is  the  case  also  in  the  soil,  where 
the  elements  of  the  air  and  of  water  are  generally  at  hand 
to  favour  the  decomposition. 

But  the  nature  of  the  alcaline  matter  which  is  present 
determines  also  the  rapidity  with  which  such  changes  are 
produced.  The  most  powerful  alcaline  substances — ^potash 
and  soda — produce  all  the  above  effects  most  quickly ; 
lime  and  magnesia  are  next  in  order,  and  the  alumina  of 
the  clay  soils,  though  much  inferior  to  all  of  these,  is  far 
from  being  without  an  important  influence. 
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Hence  one  of  the  benefits  which  result  from  die  use  of 
wood-ashes  containing  carbonate  of  potash,  when  employed 
in  small  quantities,  and  along  with  vegetable  and  animal 
manures,  as  they  are  in  this  country ;  but  hence  also  the 
evil  effects  which  are  found  to  follow  from  the  application 
of  them  in  too  large  doses.  Thus  in  countries  where 
wood  abounds,  and  where  it  is  usual,  as  in  Sweden  and 
Northern  Russia,  to  bum  the  forests  and  to  lay  on  thor 
ashes  as  manure,  the  tillage  can  be  continued  for  a  few 
years  only.  After  one  or  two  crops  the  land  is  exhausted, 
and  roust  again  be  left  to  its  natural  produce. 

§  26.  Special  effects  of  caustic  lime  upon  the  several  tant- 
ties  of  organic  matter  in  the  soil. 

The  effects  of  lime  upon  organic  matter  are  precisely 
the  same  in  kind  as  those  of  the  alcalies  in  generaL  They 
are  only  less  in  degree,  or  take  place  more  slowly,  than 
when  soda  or  potash  is  employed.  Hence,  the  greater 
adaptation  of  lime  to  the  purposes  of  practical  agricuUureu 

lo.  Action  of  caustic  lime  alone  upon  vegetable  matter^ — 
If  the  fresh  leaves  and  twigs  of  plants,  or  blades  and  roots 
of  grass,  be  introduced  into  a  bottle,  surrounded  with 
slaked  lime,  and  corked — they  will  slowly  undergo  a  cer- 
tain change  of  colour,  but  they  may  be  preserved,  it  is 
said,  for  years,  without  exhibiting  any  striking  change  of 
texture  (Mr.  Garden).  If  dry  straw  be  so  mixed  with 
slaked  lime,  it  will  exhibit  still  less  alteration.  In  either 
case  also  the  changes  will  be  even  less  perceptible  if,  in- 
stead of  hydrate  of  lime,  the  carbonate  (or  mild  lime),  in 
any  of  its  forms,  be  mixed  with  these  varieties  of  vege- 
table matter.  On  some  other  vaneties  of  vegetable  mat- 
ter— such,  for  example,  as  are  undergoing  rapid  decay,  or 
have  already  reached  an  advanced  stage  of  decomposition, 
— an  admixture  of  slaked  lime  produces  certain  percepti- 
ble changes  immediately,  and  mild  lime  more  slowly,  but 
these  changes  being  completed,  the  tendency  ai  lime  alone 
is  to  arrest  rather  than  to  promote  further  rapid  altera- 
tions. Hence,  the  following  opinions  of  experienced 
practical  observers  must  be  admitted  to  be  theoretically 
correct — in  so  far  as  they  refer  to  the  action  of  lime  alome. 
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**  If  Straw  of  long  dung  be  mixed  with  slaked  lime  it 
will  be  preserved"  (Morton).* 

**  Lime  mixed  in  a  mass  of  earth  containing  the  live 
roots  and  seeds  of  plants  will  not  destroy  them"  (Mor- 
ton).t 

'*  Sir  H.  Davy's  theory,  that  lime  dissolves  vegetable 
matter,  is  given  up ;  in  fact,  it  hardens  vegetable  matter" 
(Mr.  Pusey).t 

These  opinions,  I  have  said,  are  probably  correct  in  so 
far  as  regards  the  unaided  action  of  limO'  They  even 
express,  with  an  approach  to  accuracy,  what  wUl  take 
place  in  the  interior  of  compost  heaps  of  a  certain  kind, 
or  in  some  dry  soils ;  but  that  they  cannot  apply  to  the 
ordinary  action  of  lime  upon  the  soil  is  proved  by  the 
other  result  of  universal  observation,  that  lime,  sojarjrom 
jfreserving  the  organic  matter  of  the  land  to  v^ich  it  it  ap^ 
plied,  in  reality  toastes  it — causes,  that  is,  or  disposes  it  to 
disappear. 

2^.  Action  of  caustic  lime  on  organic  matter  in  the  pre* 
eence  of  air  and  tpater.^^ln  the  presence  of  air  and  water, 
when  assisted  by  a  favouring  temperature,  vegetable  mat* 
ter,  as  we  have  already  seen,  undergoes  spontaneous  de- 
composition. In  the  same  circumstances  lime  promotes 
and  sensibly  hastens  this  decomposition,-^altering  the 
forms  or  stages  through  which  the  organic  matter  musi 
I)ass-^but  bringing  about  more  speediW  the  final  conver- 
sion into  carbonic  acid  and  water.  During  its  natural 
decay  in  a  moist  and  open  soil,  oreanic  matter  gives  off  a 
portion  of  carbonic  acid  gas  which  escapes,  and  forms 
certain  other  acids  which  remain  in  the  dark  mould  of  the 
soil  itself.  When  quick  or  slaked  lime  is  added  to  the 
land,  its  first  effect  is  to  combine  with  these  acids — to  form 
carbonate,  humate,  &c.,  of  Jime-^till  the  whole  of  the  acid 
matter  existing  at  the  time  is  taken  up.  That  portion  of 
the  lime  which  remains  uncombined,  either  slowly  absorbs 
carbonic  acid  from  the  air  or  unites  with  the  carbonate 
already  formed,  to  produce  the  known  compound  of  hy- 

*  On  SmU,  9rd  edition,  p.  181. 

tibid. 

t  Royal  AgritskUwid  Jaunud,  iii,  p.  21S. 

partoi.  14 


158      AOTlCm  OF  CAUSTIC  LIMB  UPON  OEOANIC  MATTBR,  &C, 

Arate  whb  carbonate  of  lime* — waiting  in  this  state  in  the 
soil  till  some  fresh  portions  of  acid  matter  are  formed 
with  which  it  may  combine.  But  it  does  not  ioactiTely 
wait ;  it  persuades  and  influences  the  organic  matter  to 
combine  with  the  oxygen  of  the  air  and  water  with  which 
it  is  surrounded,  for  the  production  of  such  acid  substances 
—-till  finally  the  whole  of  the  lime  becomes  combined 
either  with  carbonic  or  with  some  other  acid  of  oi^ganic 
origin. 

Nor  at  this  stage  are  the  action  and  influence  of  lime 
observed  to  cease.  On  the  contrary,  this  result  will,  in 
most  soils,  be  arrived  at  in  the  course  of  one  or  two  years, 
while  the  beneficial  action  of  the  lime  itself  may  be  per- 
oeptible  for  20  or  30  years.  Hence  there  is  much  apparent 
ground  for  the  opinion  of  Lord  Kames,  **  that  lime  is  as 
efficacious  in  its  (so  called)  effete  as  in  its  caustic  state." 
Sven  the  more  strongly  expressed  opinion  of  the  same 
acute  observer^  "that  lime  produces  little  effect  upon 
▼egetables  till  it  becomes  effete" — derives  much  support 
from  experience — since  lime  is  known  to  have  compara- 
tively little  effisct  upon  the  productiveness  of  the  land  till 
one  or  two  years  after  its  application,  and  this  period,  as 
I  have  said,  is  in  most  localities  sufiicient  to  deprive  even 
alaked  lime  of  all  its  caustic  properties. 

Of  the  saline  compoundst  which  caustic  lime  thus  forms, 
either  immediately  or  ultimately,  some,  like  the  carbonate 
and  bumate,  being  very  sparingly  soluble  in  water,  remain 
more  or  less  permanently  in  the  soil ;  others,  like  the  ace- 
tate of  lime,  being  readily  soluble,  are  either  washed  out 
by  the  rains  or  are  sucked  up  by  the  roots  of  the  growing 
plants.  In  the  former  case  they  cause  the  removal  of  both 
organic  matter  and  of  lime  from  the  land  ;  in  the  latter 
they  supply  the  plant  with  a  portion  of  organic  food,  and 
at  the  same  time  with  lime — without  which,  as  we  have 
frequently  before  remarked,  plants  cannot  be  maintained 
in  their  most  healthy  condition. 

**  That  oompouod,  namely,  which  is  produced  when  qnick-lioM 
■pontaneoualy  in  the  air.— See  Part  III.,  p.  100. 

t  Saline  compounds  or  salts  are  always  formed  when  lime, 
potash,  soda,  dtc,  combine  with  acids. 
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§  27.  ilir^Mm  of  mUd  {or  carhonaU  of)  Umivpomihe  teg^0r 

hie  matter  of  the  soil. 

The  main  utility  of  lime,  therefore,  depends  upon  its 
prolonged  ti/ier  action  upon  the  vegetable  matter  of  the 
soil.  W  hat  is  this  action,  and  in  what  consists  the  benefits 
to  which  it  gives  rise  1 

In  answering  this  question,  it  is  of  importance  to  ob- 
serve that  all  the  effects  produced  by  alcaline  matter  in 
genera] — whether  by  lime  or  by  potash — in  the  caustic 
state,  are  produced  in  kind  also  by  the  same  substances  in 
the  state  of  carbonate.  The  carbonic  acid  with  which 
they  are  united  is  retained  by  a  comparatively  feeble  af- 
finity, and  is  displaced  with  greater  or  less  ease  by  almost 
every  other  acid  compound  which  is  produced  in  the  soif. 
With  this  displacement  is  connected  an  interesting  series 
of  beautiful  reactions,  which  it  is  of  coiise<}uence  to  under- 
stand. 

You  will  recollect  that  the  great  end  which  nature,  so 
to  speak,  has  in  view,  in  all  the  changes  to  which  she  sub- 
jects organic  matter  in  the  soil,  is  to  convert  it— with  the 
exception  of  its  nitrogen^nto  carbonic  acid  and  water. 
For  this  purpose  it  combines,  at  one  time,  with  the  oxygea 
of  the  air,  whiie  at  another  it  decomposes  water  and  unites 
with  the  oxygen  or  the  hydrogen  which  are  liberated,  or 
with  both  to  form  new  chemical  combinations.  Each  of 
these  new  combinations  is  either  immediately  preliminary 
to  or  is  attended  by  the  conversion  of  a  portion  of  the 
elements  of  the  organic  matter  into  one  or  other  of  those 
simpler  forms  of  matter  on  which  plants  live.  Now  during 
these  preliminary  or  preparatory  steps,  acid  substances, 
as  I  have  already  explained,  are  among  others  constantly 
produced.  With  these  acids,  the  carbonate  of  lime,  when 
present  in  the  soil,  is  ever  ready  to  combine.  But  in  so 
combining,  it  gives  off  the  carbonic  acid  with  which  it  is 
already  united,  and  thus  a  continual,  slow,  evolution  of 
carbonic  acid  is  kept  up  as  long  as  any  undecomposdd 
carbonate  remains  in  the  soil. 

I  do  not  attempt  to  specify  by  name  the  various  acicl 
substances  which  are  thus  formed  during  the  oxidation  of 
the  organic  matter,  and  which  successively  unite  with  the 


160      .  AOTION  OF  C4KB0NATS  OF  LOIS,  &»• 

lime,  because  the  entire  series  of  interesting  and  higUj 
important  changes,  which  organic  substances  undergo  in 
the  soily  has  as  yet  been  too  little  investigated*  to  permit 
us  to  do  more  than  speak  in  general  terms  of  the  nature 
of  the  chemical  compounds  which  are  most  abandasUj 
produced.  Of  two  facts,  however,  in  regard  to  them,  we 
are  certain — ^that  they  are  simpler  in  their  constitotion 
than  the  original  organic  matter  itself,  from  which  they  are 
derived —and  that  they  have  a  tendency  to  asaome  atiU 
simpler  forms,  if  they  continue  to  be  exposed  to  the  same 
united  action  of  air,  water,  and  alcaline  substancea, 
.  Hence  the  compounds  which  lime  has  formed  with  the 
acid  substances  of  the  soil,  themselves  hasten  forward  to 
new  decompositions, — unite  with  more  oxygen,  liberate 
alowly  portion  after  portion  of  their  carbon  in  the  form  of 
carbonic  acid,  and  of  their  hydrogen  in  the  form  of  ¥rater 
-*-till  at  length  the  lime  itself  is  lefl  aeain  in  the  state  of 
carbonate,  or  in  union  with  carbonic  acid  only.  This  resi- 
dual carbonate  begins  again  the  same  round  of  changes 
through  which  it  had  previously  passed.  It  gives  up  its 
carbonic  acid  at  the  bidding  of  some  more  powerful  or- 
ffanic  acid  produced  in  ils  neighbourhood,  while  this  acid, 
by  exposure  to  the  due  influences,  undergoes  new  alteia- 
tions  till  it  also  is  finally  resolved  into  carbonic  acid  and 
water. 

Two  circumstances  are  deserving  to  be  borne  in  mind 
in  reference  to  these  successive  decompositions— :^rr/,  that 
in  the  course  of  them  more  soluble  compounds  of  lime  are 
now  and  then  formed,  some  of  wluch  are  washed  out  by 
the  rains,  and  escape  from  the  soil,  while  others  minister 
to  the  gprowth  of  plants ,— ^<aud  second,  that  verr  much  car- 
bonic acid  is  produced  as  theii:  final  result— of  which  also 
part  is  taken  up  by  the  roots  of  plants,  and  part  escapes 
into  the  air.  Thus  at  every  successive  stage  a  portion  <tf 
organic  matter  is  lost  to  the  soil.  If  this  quantity  be 
greater  than  that  which  is  yearly  rained  in  the  form  of 
roots  or  decayed  leaves  and  stems  ox  plants,  or  of  nMnure 
artificially  added,  the  soil  will  be  gradually  exhausaed— 
if  less,  it  will  every  year  become  more  rich  in  vegetaUe 
matter. 
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It  is  also  to  be  borne  in  mind  tbat  a1thougb,>  for  tke 
purpose  of  illostmtion,  I  hare  supposed  the  carbonate  of 
lime  first  formed  in  the  soil  to  be  sabsequentl^r  combined 
with  other  acids,  which  grradually  decompose  and  leave  it 
again  in  the  state  of  carbonate,-— yet  it  will  rarely  happen 
that  the  whole  of  the  carbonate  of  lime  in  the  soil  will  be 
in  any  of  these  new  states  oi  combination.  In  general  a 
part  of  it  only  b  thus  at  any  one  time  empk>yed  in  worit* 
iBg  up  the  acid  sobstanees  produced.  But  it  is  necessary 
that  it  shonld  be  uuversally  diAised  dirough  the  soil  in 
order  that  it  may  be  every  where  at  hand  to  perferra  tte 
important  part  of  its  fnnctions  above  explained.  It  is 
<mry  where  little  lime  is  present,  or  wiiere  decaying  vege« 
table  matter  is  in  exceedmg  abimdance,  that  the  whole  of 
the  carbonate  can  at  one  and  the  same  time  disappeaff 
(Part  III.,  p.  119). 

The  changes,  therefore,  which  lime  and  organiis  matter, 
aupposed  to  be  free  from  nitrogen,  respectively  undergo^ 
and  their  mutual  action  in  the  soil,  may  be  summed  up  aa 
follows  :^ 

lo.  The  organic  matter,  under  the  influence  o£  air  and 
moisture,  spontaneously  decomposes,  and  besides  carbonic 
acid  which  escapes,  forms  also  other  acid  substances  which 
linger  in  the  soil. 

2^.  With  these  acids  the  quick-lime  combtnes,  and  either 
by  its  union  with  them  or  with  carbonic  acid  from  the  air 
oooi^  (comparatively),  loses  its  caustic  state. 

3^,  The  production  of  acid  substances  by  the  oudation 
of  the  organic  matter — goes  on  more  rapidly  under  the 
disposing  influence  of  the  lime,  whether  caustic  or  csr» 
bonated.  These  acids  combine  with  the  lima,  liberating 
from  it,  when  in  the  state  of  carbonate,  a  slow  but  couf 
atant  current  of  carbonic  acid,  upon  whicb  plants  at  least 
partly  live. 

4<).  The  organic  acid  matter  which  tboa  unites  with  tbe 
lime  continues  itself  to  be  acted  upon  by  the  air  and  wirter, 
aided  by  heat  and  ligbt-^itself  passes  through  a  svccee- 
sion  of  stages  of  decomposidao,  at  each  of  whicb  it  gvvea 
oS  water  or  carbemc  aeidr  retaining  stiU  its-  hold  on  the 
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lime,  t3l  at  last  being  whoUv  decoaapoaed  it  leares  the 
lime  again  in  the  state  of  carD<mate  read j  to  begin  anew 
the  same  round  of  chanee. 

During  this  series  of  progressiTO  decompositions,  oer* 
tain  more  soluble  compounds  of  lime  are  formed,  by  which 
plants  are  in  part  at  least  supplied  with  this  earth,  and 
which  wiUi  the  aid  of  the  rama  cairy  off  both  lime  and 
organic  matter  from  the  soil* 

And,  again,  the  more  rapid  the  producdon  of  the  aoid 
substances  which  result  from  the  union  of  the  organic  mat> 
ter  with  oxygen,  the  more  abundant  in  general  also  the 
production,  of  those  gaseous  and  Yolatile  compounds  whidi 
they  form  by  uniting  with  hydrogen,  so  that,  in  promoting 
the  formation  of  the  one  class  of  bodies,  lime  also  favours 
the  eTolntion  of  the  other  ia  greater  abundance,  and  thus 
in  a  double  measure  contributes  to  the  exhaustion  of  the 
soil. 

The  dUpasing  action  of  lime  to  this  twin  form  of  de- 
composition, few  yarieties  of  organic  matter  can  resist,— 
and  nence  arises  the  weU^  known  efficacy  of  lime  in  re- 
solvinff  and  rendering  useful  the  apparently  inert  Yegeta- 
ble  substances  that  not  unfiiequently  exist  in  the  soil. 

§  28.  Of  the  comparative  utility  cfJmnui  and  u$ihtmed  Utme. 

Is  there  no  advantage,,  then,  you  may  ask,  ia  using  caus- 
tic or  burned  rathoF  uian  carbonated  or  unbumed  lime  f 
If  the  ultimate  effects  of  both  upon  the  land  be  the  same, 
why  be  at  the  expense  of  burning  t  Among  other  benefits 
may  be  enumerated  the  following : — 

lo.  By  buminff  and  slaking,  the  lime  is  reduced  to  tbe 
state  of  an  imptlpable  pow£r>  finer  than  could  be  oV 
tained  by  any  available  method  of  crashing.  It  can  im 
consequence  be  diffused  more  uniformly  through  the  soil, 
and  hence  a  smaller  quantity  will  produce  an  equal  effect. 
This  minute  state  of  division  also  promotes  in  a  woDder- 
iiil  degree  the  chemical  action  of  the  Kme.  In  all  caees 
chemical  action  takes  place  between  exceedingly  mioete 
particles  of  matter,  and  among  solid  substances  the  more 
rapidly,  the  finer  the  powder  to  which  they  can  be  re- 
wioei    Thus  a  mass  of  iron  or  lead  slowly  rusfi  or  tam* 
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yids  in  the  air,  but  if  the  mass  of  either  metal  be  reduced 
to  the  state  of  an  impalpable  powdep— which  can  be  done 
by  certain  chemical  means— it  will  take  fire  when  simply 
exposed  to  the  air  at  the  ordinary  temperature,  and  will 
bum  till  it  is  entirely  converted  into  oxide.  By  mere  me- 
chanical division  the  apparent  action  of  the  oxygen  of  the 
air  upon  metals  is  augmented  and  hastened  in  this  extra* 
ordinary  degree — and  a  similar  result  follows  when  lime 
in  an  impalpable  state  is  brought  into  contact  with  the 
vegetable  matter  upon  which  it  is  intended  to  act. 

20.  The  effect  of  burned  lime  is  more  powerful  and  more 
immediate  than  that  of  unbumed  lime  in  the  form  of  chalk, 
marl,  or  shell  sand.  Hence  it  sooner  neutralizes  the  acids 
which  exist  in  the  soU,  and  sooner  causes  that  decompo- 
sition of  vegetable  matter  of  every  kind  to  commence, 
upon  which  its  efficacy,  in  a  great  degree,  depends. 
Hence,  when  it  can  easily  be  procured,  it  is  better  fitted 
for  sour  grass  or  arable  lands,  for  such  as  contain  an  ex- 
cess of  vegetable  matter,  and  especiallv  for  such  as  abound 
in  that  dead  or  inevt  form  of  organic  matter  which  re- 
quires a  stronger  stimulus — the  presence  of  more  powerful 
chemical  affinities,  that  is-— to  bring  it  into  active  decom- 
position. In  such  cases,  the  lime  has  already  done  much 
good  before  it  has  been  brought  into  the  mild  state-^and 
remaining  afterwards  in  this  state  in  the  soil,  it  still  serves, 
in  a  great  measure,  the  same  slower  after-purposes,  as  the 
original  addition  of  carbonate  would  have  done. 

30.  Besides,  if  any  portion  of  it,  after  the  lapse  of  two 
or  three  years,  still  Unger  in  the  caustic  state  (Part  IIL  p. 
100))  it  will,  continue  to  provoke  more  rapid  changes 
among  the  organic  substances  in  the  soil,  than  mild  lime 
alone  could  have  done. 

4<'.  Further,  quick-lime-  is  soluble*  in  water,  and  hence 
every  shower  that  falls  and  sinks  into  the  soil  carnes  with 
it  a  portion  of  lime,  so  long  as  any  of  it  remains  in  the 
caustic  state.  It  thus  reaches  acid  matters  that  lie  be- 
neath the  surface,  and  altera  and  ameliorates  even  the  sub- 
soil itself. 

6^:  It  is  not  a  small  additional  recommendation  of 
quick-lime,  that  by  bummg  it  loses  about  44  per  cent,  of 
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its  waigfaty  thus  enaUing  nesriy  twice  Ilia  <{aaBt]^  to  be 
conveyed  frooi  place  to  piece  at  the  sarae  cost  or  trans- 
poit.  This  not  only  causes  a  direct  saying  of  money, — 
as  when  the  burned  chalk  of  Antrim  is  carried  by  sea  to 
the  Ayrshire  coasts— but  an  additional  ssring  of  labour 
aiso  upon  the  fannr— where  the  number  of  hands  and 
horses  is  often  barely  sufficient  for  the  necessary  work. 

§  29.    Action  of  lime  an  organic  fntbstanoei  lohich  eomiam 

nitrogen. 

I  have  hitherto,  for  the  sake  of  stmplicity»  directed  your 
attention  solely  to  the  action,  whether  immediate  or  im- 
mote,  which  is  exercised  by  lime  upon  organic  matter  sup- 
posed to  contain  no  nitrogen.  Its  action  i^^pon  catapouam 
in  which  nitrogen  exists  is  no  less  beautinil  and  simpte, 
perhaps  even  more  intelligible  and  more  obrionaly  useful 
to  Yegetation. 

There  are  several  well  known  facts  which  it  is  bers  of 
importance  for  us  to  consider*- 

1^.  That  the  black  vegetable  matter  of  the  soil  always 
contains  nitrogen.  Even  that  which  is  most  inert  reCains 
a  sensible  proportion  of  iL  It  exists  in  dry  peat  to  the 
amount  of  about  2  per  cent,  of  its  weight,  and  still  di^s 
to  the  other  elements  of  the  or^ranic  matter,  even  after  it 
has  undergone  those  prolonged  changes  by  which  it  is 
finally  converted  into  coal.  Since  nitrogen,  therefore,  is 
so  important  an  element  in  all  vegetable  food,  and  so  ne* 
cessary  in  some  form  or  other  to  the  healthy  growth  and 
maturity  of  plants,  it  must  be  of  consequence  to  awaken 
this  element  of  decaying  vegetable  matter,  when  it  is  ly- 
ing  dormant,  and  to  cause  it  to  assume  a  form  in  wbick  it 
can  enter  into  and  become  useful  to  our  cultivated  plants. 

2.  That  if  vegetable  matter  of  any  kind  be  heated  with 
slaked  lime,  the  whole  of  the  nitrogen  it  may  contain,  in 
whi^ver  state  of  combination  it  may  previouady  exist,  will 
be  given  off  in  the  form  of  ammonia.  The  same  ti^es 
plaice  still  more  easily  if  a  quantity  of  hydrate  of  potash  or 
of  hydrate  of  soda  be  mixed  wi^  the  hydrate  o£  lime. 
Though  it  has  not  as  yet  been  proved  by  direct  experi- 
ment— ^yet  I  consider  it  to  be  exceedingly  probable  that 
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what  takes  place  quickly  in  our  laboratories,  at  a  com- 
paratively bigh  temperature,  may  take  place  more  slowly 
also  in  tbe  soil,  and  at  tbe  ordinary  temperature  of  the  at- 
mosphere. 

30.  That  when  animal  and  vegetable  substances  are 
mixed  with  earth,  lime,  and  other  alcaline  matters,  in  tibe 
so-called  nitre  beds  (Part  I.,  p.  242),  ammonia  and  nitric 
acid  are  both  produced,  the  quantity  of  nitrogen  contained 
in  the  weight  of  these  compounds  extracted  being  much 
greater  than  was  originally  present  in  the  animal  and 
vegetable  matter  employed  (Dumas).  Under  the  influ- 
ence of  alcalioe  substances,  therefore,  even  when  not  in  a 
c(sU8tic  state,  the  decay  of  animal  and  vegetable  matter  in 
the  presence  of  air  and  moisture  causes  some  of  the  nitro- 
gen of  the  atmosphere  to  become  fixed  in  the  soil  in  the 
form  of  ammonia  or  of  nitric  acid.  What  takes  place  on 
the  confined  area  of  a  nitre  bed,  may  take  place  to  some 
extent  also  in  the  wider  area  of  a  well  limed  and  well  ma- 
nured field. 

'  In  the  action  of  alcalies  in  the  nitre  bed,  diepoemg  to  the 
production  of  nitric  acid,  we  observe  the  same  kind  of 
agency,  which  we  have  already  attributed  to  lime,  in  re* 
gard  to  the  more  abundant  elements  which  exist  in  the  vege- 
table matter  of  the  soil.  It  gently  persuades  all  the  ele* 
tnents-— nitrogen  and  carbon  alike — to  unite  with  the 
oxygen  of  air  and  water,  and  thus  ultimately  to  form  acid 
compounds  with  which  it  may  itself  combine. 

The  action  of  lime  upon  such  organic  matters  contain- 
ing; nitrogen  as  asually  exist  in  the  soil,  may,  therefore,  be 
briefly  stated  as  follows  :— 

lo.  These  substances  like  all  other  organic  matter  un- 
dergo in  moist  air — and,  therefore,  in  the  soil — ^a  sponta- 
neous decomposition,  the  general  result  of  which  is  the 
production  of  ammonia,  and  of  an  acid  substance  vrith 
which  the  ammonia  may  combine.  This  change  is  pre*' 
oisely  analogous  to  that  which  takes  place  in  such  sub* 
stances  as  starch  and  woody  fibre,  wliich  contain  no  ni- 
trogen. In  each  case,  one  portion  of  the  elements  unites 
with  oxygen  to  produce  an  acid,  the  odier  vrith  hydrogen 
to  form  a  compound  possessed  of  alcaline  or  indifferent 
properties.    Thus, — 
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WUkoiytaa.  ^  WUkbTdngw. 

Veffetabl    )  f  Carbooic,  ulmic,  i    Marsh  gas  or 

«?  ♦•^   ®  >  produces  <       and  other        >  other  carburet- 
matter     ^  ^  ^^j^^  ^  ^^  hyarogens. 

Animal    )  ^  Carbonic,  nitric,  5 

-.-•*  -     /  produces  <       ulmic,  and       >  Ammonia, 
matter     i  *^  i        ^u         •  j        I 

J  (      other  acids.      ) 

If  the  ammonia  happen  to  be  produced  in  larger  relauve 
quantity  than  the  acids  with  which  it  is  to  combine,  or  if 
the  carbonic  be  the  only  acid  with  which  it  unites,  a  por- 
tion of  it  may  escape  into  the  air.  Thia  rarely  hapjpeni* 
however,  in  the  soil,  the  absorbent  properties  (A  the 
earthy  matters  of  which  it  consists  being  in  most  csies 
sufficient  to  retain  the  ammonia,  till  it  can  be  made  tfiil* 
able  to  the  purposes  of  vegetable  Hfe* 

When  caustic  (hydrate  of)  lime  ia  added  to  a  soil  in  wbidi 
ammonia  exists  in  this  state  of  corabinadon  wkh  acid  nut* 
ter,  it  seizea  upon  the  acid  and  sets  the  ammonia  fines. 
This  it  does  with  comparative  slowness,  howev6r*-for  it 
does  not  at  once  come  in  contact  vrith  it  all— «nd  by  de- 
grees, so  as  to  store  it  up  in  the  pores  of  the  soii  till  the 
roots  of  plants  can  reach  it,  or  till  it  can  itself  undeigo  t 
further  change  by  which  its  nitrogen  may  be  reodsied 
more  fixed  (Part  III.,  p.  167.) 

Carbonate  of  lime,  on  the  other  hand,  still  mora  slo«iy 
persuades  the  ammonia  to  leave  the  acid  substances  (alnic, 
nitric  T  &c.,)  with  which  it  is  combined,  and  yielding  to  it 
in  return  its  own  carbonic  acid,  enabl^  it  in  the  ststo  of 
soluble  carbonate  of  ammonia  to  become  more  inmedh 
ately  useful  to  vegetation. 

So.  But  in  undergoing  this  spontaneous  decay  even  sob* 
stancea  containing  nitrogen  reach  at  length  a  poii^  it 
which  decomposiuon  appears  to  stop<— an  mert  conditios 
in  which,  though  nitrogen  be  present  as  in  peBt,tbsy 
cease  sensibly  to  give  it  off  in  such  a  form  or  qaaatity  ai 
to  be  capable  of  ministering  to  vegetable  growth,  Hon 
caustic  lime  steps  in  more  ouiekly,  and  mild  lime  by  slowor 
degrees,  to  promote  the  lurther  decay.  It  induces  tbe 
carbonaceous  matter  to  take  oxygen  icom  the  air  and  fron 
water  and  to  form  acids,  and  the  nitrogen  to'  unite  with 
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the  hydrogen  of  the  water  for  the  production  of  ammonift— > 
tbufl  helping  forward  the  organic  matter  in  its  natural 
Gourae  of  decay,  and  enabling  it  to  fulfil  its  destined  pur« 
poses  in  reference  to  Tegetable  life. 

3^.  But  the  ammonia  which  is  thus  disengaged  in  the 
soil  by  decaying  organic  matter,  though  not  immediately 
worked  up,  so  to  speak,  by  living  plants,  is  not  permitted 
to  escape  in  any  large  quantity  into  the  air.  The  soil,  as 
I  have  already  stateid,  is  usually  absorbent  enough  to  re- 
tain  it  in  its  pores  for  an  indefinite  period  of  time.  And 
as  in  nature  and  upon  the  earth's  surface  the  elements  of 
matter  are  rarely  permitted  to  remain  in  a  state  of  repose, 
the  ammonia,  though  retained  apparently  inactire  in  the 
soil,  is  yet  slowly  uniting  with  a  portion  of  the  surrounding 
oxygen  and  forming  nitric  acid  (Part  I.  p.  243,  note.)  When 
no  other  bate  is  present,  this  nitric  acid,  as  it  is  produced, 
unites  with  some  of  the  ammonia  itself  which  still  re- 
mains, formmg  nitrate  of  ammonia^-Aint  if  potash  or  lime  be 
present  within  its  reach,  it  unites  with  them  in  preference, 
and  forms  the  nitrate  of  fotask  or  of  lime. 

But  lime,  if  present,  is  not  an  inactive  spectator,  so  to 
speak,  of  this  slow  oxidatum  of  ammonia.  On  the  con- 
trary, it  promotes  this  final  change,  and  by  being  ready  to 
unite  with  the  nitric  acid  as  it  forms,  increases  and  accele- 
rates its  production,  at  the  expense  of  the  ammonia  which 
it  had  previously  been  instrumental  in  evolving. 

40.  One  other  important  action  of  lime,  by  which  the 
same  compounds  of  nitrogpen  are  produced  in  the  soil, 
may  in  this  place  be  most  properly  noticed.  It  is  a  chemi- 
cal law  of  apparently  extensive  application,  that  when 
one  elementary  substance  is  undergoing  a  direct  chemi- 
cal union  with  a  second  in  the  presence  of  a  thirds  a  ten- 
dency is  imparted  to  the  third  to  unite  also  with  one  or 
with  both  of  the  other  two,  although  in  the  same  circum- 
stances it  would  not  unite  with  either,  if  present  alone. 
Thus,  when  the  carbonaceous  matter  of  the  soil  is  under- 
going oxidation  in  the  air — that  is,  combining  with  the 
oxygen  of  the  atmosphere — ^it  imparts  a  tendency  to  the 
nitrogen  also  to  unite  with  oxygen,  which  when  mixed 
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with  that  gas  alone*  it  has  no  known  disposition  to  do. 
The  result  of  this  is  the  production  of  a  smallt  and  always 
a  variable,  proportion  of  nitric  acid  during  the  decompo- 
sition in  the  soUi  of  organic  matter  even,  which  itself  con« 
tains  no  nitrogen. 

Again,  it  is  an  equally  remarkable  chemical  law,  tint 
elementary  bodies  which  refuse  to  combine,  howeyer  lo^g 
we  may  keep  them  together  in  a  state  of  mixture,  wiU 
yet  unite  readily  when  presented  to  each  other  in  what  is 
called  by  chemists  the  nateeiU  state — that  is,  at  the  mo- 
ment when  one  or  other  of  them  is  produced  or  is  sepa- 
rated from  a  previous  state  of  combination. 

Thus  when  the  organic  matter  of  the  soil  decomposes 
water  in  the  presence  of  atmospheric  air,  its  carbon  nniias 
with  the  greater  part  of  the  oxygea  and  hydrogen  which 
are  set  at  liberty,  and  at  the  same  time  with  more  or  less 
of  the  oxygen  of  the  atmosphere— but  at  the  same  instant 
the  nitrogen  of  the  atmosphere,  which  is  every  wbesie 
present,  seizes  a  portion  of  the  hydrogen  and  forms  am- 
monia. Thus  a  variable,  and  in  any  one  limited  spot,  a 
minute,  but  over  the  entire  surface  of  the  globe,  a  large 
quantity  of  ammonia  is  produced  during  the  oxidation 
even  of  the  purely  carbonaceous  portion  of  the  organic 
matter  of  the  soil. 

Now  in  proportion  as  the  presence  of  lime  promotes 
this  decay  of  vegetable  and  other  organic  matter  in  dbe 
soil — ^in  the  same  proportion  does  it  promote  the  prodoe- 
tion  of  ammonia  and  nitric  acid,  at  the  expense  of  the  Iree 
nitrogen  of  the  atmosphere,  and  this  may  be  regarded  as 
one  of  the  valuable  and  constant  purposes  served  by  the 
presence  of  calcareous  matter  in  the  soD. 


§  SO.  How  these  cAemical  changes  directly  htmefi 

You  will  scarcely,  I  think,  inquire  how  all  these  inte- 
resting chemical  changes  which  attend  upon  the  presence 
of  lime  in  the  soil  are  directly  useful  to  vegetation,  and 
yet  it  may  be  useful  shortly  to  answer  the  question. 

*  The  aUnotphere  cnnriitmg,  as  yon  wiU  neoUaet,  of  iSanmm.  aad 

oxygen  (Part  I.,  p.  38.)  -^  ^ 
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lo.  Lime  oombiAM  wkb  the  edd  Mbitetices  alieady  ex- 
Mng  in  the  soil,  and  thus  promotes  the  decomposition  of 
Fegetable  matter  which  those  acid  sabstances  arrest  The 
liirther  decompositioas  which  ensue  are  attended  at  ereiy 
step  by  the  pcoduction  either  of  gaseovs  compounds^^^ 
such  as  carnoiiio  acid  and  ligitt  cairburstted  hydrogen---* 
whidh  are  more  or  less  abundantly  absorbed  by  the  rooei 
and  leaves  of  j^aDts,  and  thus  help  to  feed  tiiem— *or  of 
acid  and  other  ocHopounds,  soluble  m  water,  which,  entei^ 
ing  by  the  roots,  bear  into  the  drcelatioa  of  the  plant  not 
only  organic  food  bat  that  supply  of  lime  also  whioh 
hofldthy  plants  require. 

2^.  The  changes  it  induces  upon  substances  in  wfaich 
nitrogen  is  present  are  still  more  obviously  useful  to  rege* 
tatioB.  It  diminates  amrnonia  from  ^e  conqK)unds  im 
which  it  exists  already  formed,  and  promotes  its  slow  con« 
voTBioB  into  nitric  acid,  by  which  the  nitrogen  is  rendered 
more  fixed  in  the  soil.  It  disposes  the  nitrogen  of  more 
or  less  inert  organic  matter  to  assume  the  form  of  ammo^ 
nia  and  nitric  acid,  in  which  state  experience  has  lonr 
shown  that  this  element  is  directly  faYorable  to  the  growtE 
of  plants.    And 

3^.  It  influences,  in  an  unknown  degree,  the  nitroffen 
of  the  atmosphere  to  become  flaed  in  lai^r  proportton 
in  the  soil,  in  the  form  of  nitric  acid  and  ammonia,  thaa 
would  otherwise  be  the  case,  and  this  it  does  both  fay  the 
greater  amount  of  decay  or  oxidation  which  it  brin«t 
about  in  a  given  time,  and  by  the  kind  of  compounds 
which,  under  its  influence,  the  organic  matter  b  persuaded 
to  form.  The  amount  of  nitrogenous  food  placed  within 
reach  of  plants  by  this  agency  of  lime  will  vary  with  th# 
climate,  with  the  nature  of  the  soil,  with  its  condition  as 
to  drainage,  and  vrith  the  more  or  less  liberal  and  skilful 
manner  in  which  it  is  farmed. 

$  31.   Why  lime  mu»t  be  kept  near  the  enrface. 

Nor  will  you  fail  to  see  the  important  reasons  why  lim^ 
ought  to  be  kept  near  the  surface  of  the  soil — since 

lo.  The  action  of  Hme  upon  organic  matter  is  almost 
nothing  in  the  absence  d  air  and  moisture.    If  the  lime 

PABT  III.  15 


170      Aomm  ot  lou  irroM  sAum  msaft^Mau* 

•ink,  therefore,  beyond  tbe  eatMuA  reach  of  freth  air,  iIb 
efficacy  ifl  in  a  great  degree  lost. 

2^.  Bat  the  agencv  of  the  lig^t  and  heat  of  the  aan, 
tboogh  I  hare  not  hitherto  specially  insisted  upon  their 
action-— are  scarcely  less  necessary  to  the  full  experience 
of  the  benefits  which  lime  is  capable  of  conferring.  Tbe 
light  of  the  snn  accelerates  nearly  all  the  diemical  de* 
compositions  that  take  place  in  the  soil-— while  some  it 
appears  especially  to  promote.  The  warmth  of  the  aim's 
rays  may  penetrate  to  some  depth,  but  their  light  can  only 
act  upon  the  immediate  surface  of  the  soil.  Hence  the 
skilful  agriculturist  will  endeavor,  if  possible,  to  keep 
some  of  his  lime  at  least  upon  the  very  surface  of  his 
arable  land.  Perhaps  this  influence  of  light  might  even 
be  adduced  as  an  argument  in  favor  of  the  frequent  applir 
cation  of  lime  in  small  doses,  as  a  means  oi'  keeping  a 
porticm  of  it  always  within  reach  of  the  sun's  rays ;  and 
this  more  especially  on  grass  lands,  to  which  no  mechaBi- 
cal  means  can  be  applied  for  the  purpose  of  bringing 
again  to  the  surface  the  lime  that  has  sunk. 

There  are,  at  tbe  same  time,  as  you  will  recoUect^jgood 
reasons  also  why  a  portion  of  the  lime  should  be  diflowd 
through  the  body  of  tbe  soil,  both  for  the  purpose  of  oom- 
bining  with  organic  acids  already  existing  thcire,  and  with 
the  Tiew  of  acting  upon  certain  inorganic  or  mineral  sub* 
stances,  which  are  either  decidedly  injurious^  or  by  the 
action  of  lime  may  be  rendered  more  wholesome  toTege- 
tation. 

In  order  that  this  diffusion  may  be  effected,  and  espe- 
cially that  lime  may  not  be  unnecessarily  wasted  where 
pains  are  taken  by  mechanical  means  to  keep  it  near  the 
surfiBLce,  an  efficient  system  of  under  drainage  should  be 
carefully  kept  up.  Where  the  rains  that  fall  are  allowed 
to  flow  off  the  surface  of  the  land,  tbey  wash  more  lime 
away  the  more  carefully  it  is  kept  among  the  upper  soil — 
but  where  a  free  outlet  is  afforded  to  the  waters  beneath, 
they  carry  the  lime  with  them  as  they  sink  towards  the 
subsoil,  and  have  been  robbed  again  of  the  greater  pan 
of  it  before  they  escape  into  the  drains.  Thus  on  drained 
land  tbe  rains  thai  fall  aid  lime  in  prodncing  its  beneficial 
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eflbetfl,  while  in  undrained  land  they  in  a  greater  or  less 
degree  counteract  it. 

§  32.  Action  of  lime  upon  ^inorganic  or  mineral  matter  of 

the  eoU, 

Thoagh  the  maiD  general  agency  of  lime  is  exerted,  as 
we  have  seen,  upon  the  organic  matter  it  meets  with,  yet 
it  often  also  produces  direct  chemical  chauffea  upon  the 
mineral  compounds  existing  in  the  soil,  which  are  of  great 
importance  to  vegetation.     Thus 

1^.  Lime,  either  in  the  mild  or  in  the  caustic  state,  pos- 
sesses the  property  of  decomposing  the  sulphate  of  iron, 
which  especially  abounds  in  peaty  soils,  and  in  many  lo- 
calities so  saturates  the  subsoil  as  to  make  it  destructive 
to  the  roots  of  plants.  Sprengel  mentions  a  case  where 
the  first  year's  clover  always  grew  well,  while  in  the  second 
year  it  always  died  away.  This,  upon  examination,  was 
found  to  be  owing  to  the  ferruginous  nature  of  the  sub- 
soil, which  caused  the  death  of  the  plants  as  soon  as  the 
roots  began  to  penetrate  it. 

When  salts  of  iron  exist  in  the  soil,  a  dressing  with 
lime  will  bring  the  land  into  a  wholesome  state  without 
other  aid.  The  lime  vnll  combine  with  the  acid,  and 
form  gypsum,  if  it  is  the  sulphate  of  iron  that  is  present, 
while  the  j^H  oxide  of  iron  which  is  set  free  will,  by  ex- 
posure to  the  air,  bo  converted  into  the  eeooful  or  red  oxide, 
in  which  state  this  metal  is  no  longer  hurtful  to  vegetation. 

When  these  salts  are  to  be  decomposed  and  removed 
from  the  subsoil,  lime  must  be  aided  by  the  subsoil  ploueh 
and  the  drain.  Unless  an  outlet  beneath  be  provided  m 
the  surface  water,  by  which  the  rains  may  be  enabled  to 
wash  away  slowly  the  noxious  substances  from  the  sub- 
soil, even  the  addition  of  a  copious  dose  of  lime  will  only 
produce  a  temporary  improvement. 

2o.  Lime  decomposes  also  the  sulphates  of  magnesia 
and  of  alumina,  botn  of  which  are  occasionally  found  in 
the  soil,  and,  being  very  soluble  salts,  are  liable  to  be 
taken  up  by  the  roots  in  such  quantity  as  to  be  hurtful  to 
the  growinff  plants.  When  soils  which  contain  any  of  the 
three  salts!  have  mentioned  have  onee  been  limed  or 
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marled,  it  is  in  Tain  to  add  gypsmm  in  the  hope  of  (afoar- 
ing  the  clover  crop,  since  the  lime,  in  decomposing  the 
sulphates,  has  already  formed  an  abundant  supply  of  this 
compound  for  all  the  purposes  of  vegetation. 

3^.  Among  the  earthy  constituents  of  the  soil,  we  have 
already  seen  that  there  often  exist  fragments  of  felspir 
and  of  other  minerals  derived  from  the  granidc  and  tnp 
rocks,  which  contain  potash  or  soda  in  the  state  o^siHeateL 
These  silicates  we  know  to  be  slowly  decomposed  hjtbe 
agency  of  the  carbonic  acid  of  the  air  (Part  II.,  p.  305) 
and  their  alkali  set  free  in  a  soluble  state.  This  decom- 
position is  said  to  be  promoted  by  the  presence  of  Hme 
(Part  III.,  p.  90.) 

Again,  the  stalks  of  the  grasses  and  the  straw  of  the 
corn-bearing  plants  contain  much  silica-  in  eombinatioo 
'With  potash  and  soda.  In  farm-yard  man  are,  thereforet 
much  of  these  silicates  is  present,  and  when  mixed  widi 
the  soil,  their  appears  little  reason  to  doubt  that  they  are 
of  much  benefit  to  the  growing  crops.  On  these  siltcateSi 
in  the  presence  of  carbonic  acid  and  moisture,  the  lims 
acts  as  it  does  upon  the  mineral  silicates.  It  aids  in  the 
liberation  of  the  potash  apd  soda,  and  thus  promotes  die 
performance  of  those  important  functions  which  these  tl- 
kalies  are  destined  to  exercise  in  reference  to  vegetaUe 
growth  (Part  III.,  p.  41). 

'While  the  alkali  ts  set  free  the  lime  itself  combines  witb 
the  silica,  and  hence  one  source  of  the  silicate  of  liiM 
which,  as  I  have  already  mentioned  to  yon  (Part  III.,  p- 
118),  usually  exists  in  sensible  quantity  in  our  cultivated 
soils.  It  has  been  stated  by  Sprengel*  as  one  reason  wbj 
the  addition  of  lime  must  be  repeated  so  frequently  upoa 
some  soils  in  which  silica  abounds,  that  an  insoluble  silicate 
of  lime  is  formed,  which  is  of  no  use  to  vegetation.  Bol 
the  silicates  of  lime  are  slowly  decomposed  by  die  agency 
of  the  carbonic  acid  of  the  air  and  of  decaying  vegeution, 
and  to  this  cause  in  a  previous  lecture  (Part  il.,  p.  388),  I 
have  ascribed  much  of  the  fertile  character  of  the  trap  and 
syenitic  soils,  and  of  their  beneficial  action  when  laid  oa 
as  a  manure. 

*  Zakre  vom  INn^cr,  p.  910. 
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40.  Potash  and  soda  exist  to  soma  extent  in  day  soUli 
in  combinatioQ  with  their  alumina.  The  presence  of  lime 
has  a  similar  influence  in  setting  the  alcalies  free  from  this 
state  of  combination  also. 

5^,  Alumina  has  the  property  of  combining  readily  with 
many  vegetable  acids,  and  in  the  elay  soils  exercises  a 
constant  influence,  similar  in  kind  to  that  of  lime  and  other 
alkaline  substances,  in  persaading  the  organic  matter  to 
those  forms  of  decay  in  which  acid  compounds  are  more 
abundantly  produced.  Hence,  clay  soils  almost  always 
contain  a  portion  of  alumina  in  combination  with  organic 
matter.  This  organic  matter  is  readily  given  up  to  limot 
and  by  the  more  energetic  action  of  thb  substance  is 
sooner  made  available  to  the  wants  of  new  races  of  plants* 

6^,  1  shall  bring  under  your  notice  only  one  other,  but 
a  highly  important,  decomposing  action,  which  lime  ex- 
ercises in  soils  that  abound  in  vegetable  matter.  In  the 
presence  of  decaying  organic  substances  the  carbonate  of 
lime  is  capable  of  slowly  decomposing  common  salt,  pro- 
ducing carbonate  of  soda  and  chloride  of  calcium.  It  ex- 
ercises also  a  similar  decomposing  effect,  even  upon  the 
sulphate  of  soda,  and,  aocording  to  Berthollet,*  incrusta- 
tions of  carbonate  of  sodat  are  observed  on  the  surface  of 
the  soily  wherever  carbonate  of  lime  and  common  salt  are 
in  contact  with  each  other.  If  we  consider  that  along  all 
our  coasts  common  salt  may  be  said  to  abound  in  the  soil, 
being  yearly  sprinkled  over  it  by  the  salt  sea  winds — ^that 
generally,  along  the  same  coasts,  the  application  of  sul- 
phates produces  little  sensible  effect  upon  the  crops,  and 
that,  therefore,  in  all  probability  they  abound  in  the  soil, 
derived,  it  may  be,  from  the  same  sea  spray — we  may 
safely  conclude,  I  think,  that  the  decomposition  now  ex- 
plained must  take  place  extensively  in  all  those  parts  of 
our  bland  which  are  so  situated,  if  lime  in  any  of  its  forms 
either  exists  naturally  or  has  been  artificially  added  to  the 
land.  The  same  must  be  the  case  also  in  those  districts 
where  salt  springs  occur,  and  generally  over  the  new  red 

^  Dnmaa  TraUedeCke$iue,  ii^  p.  334. 
i  Of  TVofia  or  Nainm,  whkh  if  a«etfiit  csrboQsta  of  aoda. 
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fland-stODe  formatioiiy  ia  which  aea  Mlt  more  especiallj 
oecuTs. 

And  if  we  further  consider  the  important  pnrposei 
which  the  carbonate  of  soda  thoa  produced  may  serve  u 
reference  to  vegetation — that  it  may  dissolve  vegeuble 
matter  and  carry  it  into  the  roots— ^at  it  may  ferrn  solo- 
ble  silicates,  and  thus  supply  the  necessary  sDioeous  mat- 
ter to  the  stems  of  the  grasses  and  other  planta— and  thit 
rising,  as  it  naturally  does,  to  the  sarface  of  the  sml,  it 
there,  in  the  presence  of  vegetable  matter,  proTokes  to  die 
formation  of  nitrates,  so  wholesome  to  vegetable  life— we 
may  regard  the  decomposing  action  of  lime  by  whidi  tins 
carbonate  is  produced  as  among  the  most  TalnaUe  of  its 
properties  to  the  practical  &'mer,  whererer  circumstaiices 
are  fayourable  for  its  exerdse. 

§  33.  Actum  of  lime  an  animal  emd  v^etaUe  Itfe* 

It  is  only  necessary  to  allude,  in  conclosion,  to  one  or 
two  other  useful  purposes  which  lime  is  said  to  serve  io 
reference  to  animal  and  vegetaUe  life.     Thus 

l^'.  It  is  said  to  prove  fatal,  especially  in  the  caostie 
state,  to  worms,  to  slugs,*  and  to  many  insects  iojarioos 
to  the  farmer,,  and  to  destroy  their  eggs  and  larm.  h 
Scotland  it  has  been  found  in  some  instanoee  to  chedttfae 
ravages  of  the  fiy.  On  the  other  band,  in  tbe  stats  of 
carbonate,  it  is  propitious  to  the  growth  of  ^e  land  snsil 
and  similar  creatures  which  bear  shells.  In  higlily  lined 
land  the  former  may  be  seen  crowded  at  the  roots  of  the 
hedges,  from  which  they  make  frequent  inenraions  vpoo 
the  young  crops,  and  are,  I  faelievo,  especially  faartful  to 
the  turnips^ 

20.  It  19  found  to  prevent  smut  in  wheat.  For  this  pur- 
pose the  seed  is  steeped  in  lime,  and  afterwards  dried  with 
slaked  lime,  or  lime  water  is  poured  upon  the  heap  d 
com,  which  is  turned  over,  and  left  for  24  hours  (Hitt- 
yard.) 

30.  It  is  also  said  to  prevent  the  rot  and  foofe^ot  IB  sheep 

*  When  the  wheat  crop  u  ettecked  by  tlwa*  aboYe  gaMmd,  nochiaf  wiU 
do  ao  much  good  u  alated  Ihne,  Bomn  orer  the  crap  hefoiie  eoARM.-^ 
OUyud,  IZosM  ik«miil0w«l  JevnuZi  ill,  ]».  floa. 
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fed  upon  psBtures  oa  which,  hefove  linriDg,  the  itock  was 
liable  to  be  affected  by  these  diseases  (Prideaux.) 

40.  In  regard  to  its  action  upon  living  plants,  it  is  cer- 
tain that  it  extirpates  certain  of  the  coarser  grasses  from 
sour  pastures  and  brinsra  up  a  tenderer  herbaee ;  but  prac- 
tical men  appear  to  diner  in  regard  to  its  effects  upon  the 
roots  and  seeds  of  the  more  troublesome  weeds.  Ac- 
cording to  some,  the  addition  of  lime  to  a  compost,  or  to 
the  soil,  will  kill  the  roots  of  weeds  and  render  unproduc- 
tive such  noxious  seeds  as  may  happen  to  be  present.  Ac- 
cording to  others  (Part  III.,  p.  157,)  this  is  a  mistake.  I  be- 
lieve the  truth  to  be,  that  lime  will  lead  to  their  destruction 
and  decay,  if  the  circumstances  are  favorable  or  if  proper 
pains  be  taken  to  effect  it.  But  air  and  moisture  are  ne- 
cessary to  insure  this,  as  they  are  to  effect  the  rapid  decay 
of  dead  organic  matter.  If  the  ingredients  of  the  com- 
post be  duly  proportioned,  or  if  the  dose  of  lime  added 
to  the  land  be  sufficiently  large,  and  if  in  each  case  the 
mixture  be  frequently  turned,  the  final  destruction  of  roots 
and  seeds  may  in  general  be  safely  calculated  upon. 

§  34.  Use  of  silicate  of  lime. 

There  is  one  compound  of  lime  which,  though  occur- 
ring occasionally  in  all  soils,  has  not  hitherto  been  applied 
to  the  improvement  of  the  land  even  in  localities  where 
it  most  abounds.  This  compound  is  the  silicate  of  lime. 
I  have  already  directed  your  attention  to  the  presence  of 
this  compound  in  the  trap  rocks,  and  to  the  fertile  charac- 
ter which  it  imparts  to  the  soils  which  are  formed  by  the 
natural  degradation  of  these  rocks. 

In  those  districts,  where  the  smelting  of  iron  is  carried 
on,  the  first  slag  that  is  obtained  consists  in  great  part  of 
silicate  of  lime.  This  slag  accumulates  in  large  quanti- 
ties, and  is  employed  in  some  districts  for  mending  the 
roads.  It  is  not  unworthy  the  attention  of  the  practical 
farmer — as  an  improver  of  his  fields— especially  where 
caustic  lime  is  distant  and  expensive,  or  where  boggy  and 
peaty  soils  are  met  with  in  which  vegetable  matter 
abounds.  On  such  land  it  may  be  laid  in  large  quantity. 
It  will  decompose  slowly^  ajnd  whUe  it  imparts^  to  the  soil 
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AoUdity  aad  firmnefls,  will  snpplj  both  lime  and  siKct  to 
the  growing  crops,  for  a  loog  period  of  ume. 


I  have  thu9  drawn  your  attention  to  the  most  impoitut 
topics  connected  with  the  ase  of  lime,  so  efficacioos  anis- 
strument  in  the  hands  of  the  skilful  and  improTingfiknBer 
for  ameliorating  the  condition  and  increasing  the  prodoc- 
tiveness  of  his  land.  If  I  have  appeared  to  dwell  long 
upon  this  subject,  it  is  because  of  the  Talue  which  }^^ 
to  be  attached  by  practical  men  to  a  correct  exposition  at 
the  virtues  of  lime  and  of  the  theory  by  which  its  dSsf^ 
are  to  be  explained.  I  believe  that  in  the  theoretical  ^ 
I  have  been  able  to  point  out  to  you  the  leadins;  cbemical 
principles  upon  which  its  influence  depends — ^if  anjtbing 
IS  still  dark,  it  is  because  our  knowleage  is  not  yet  com- 
plete. A  few  years  more,  and  we  may  hope  to  have  i^ 
mists  which  hang  over  this  as  over  many  other  brancbe 
of  agricultural  chemistry  in  a  great  measure  cleared 
away. 


LECTURE  XVIII. 

Of  orgMiio  maaares.  Vegetable  and  animal  manorea.  Gfeen  maniiriDg^ 
pIoughinK  inof  spuny,  the  white  lupin,  the  Yetch,  backwbeot,  rape,  r^e, 
Dorage.  liataral  men  manuring.  Improvement  of  the  soil  by  laymg 
down  to  giaas  ana  byplantins.  Use  of  seaweed.  Dry  yegetable  ni»* 
nnrea — drv  straw,  chafi;rape-aiut,  malt-dust,  saw-dust,  cotton  seeds,  dry 
leaves.  Decayea  vegetable  matter — use  of  peat,  tanners'  bark,  and 
oomposiB  of  vegetable  matter.  Ghareoal  powder,  soot.  Relative  value 
'  9M  practicaal— of  difieirent  vegetable  manures. 


Bj  organic  manareg  are  understood  all  those  substances 
either  of  veffetable  or  of  animal  origin,  which  are  applied 
to  the  land  lor  the  purpose  of  increasing  its  fertility.  It 
will  be  convenient  to  consider  these  two  classes  of  organic 
substaQces  separately. 

The  parts  of  vegetables  may  be  applied  to  the  soil  in 
three  different  form^— in  the  green,  in  the  dry,  and  in  the 
more  or  less  naturally  decayedt  fermented,  or  artificially 
decomposed  state, 

§  1.  Of  green  manuring^  or  ihe  application  ^vegetaUe 

matter  in  ihe  green  state. 

By  green  manuring  is  meant  the  ploughing  in  of  green 
crops  in  their  living  state— or  of  green  vegetables  left  or 
spread  upon  the  land  for  the  purpose* 

l^*.  We  have  seen  in  the  preceding  lecture  bow  import- 
ant air  and  water  are  to  the  decomposition  of  organic 
matter.  Now  green  vegetable  substances  contain  within 
tbemselves  much  water,  undergo  decomposition  more 
readily,  therefore,  than  such  as  have  been  dried,  imd  ace 
more  immediatdy  serviceable  when  mixed  with  the  soil. 

20.  In  the  sap  of  plants  also  there  generally  exist  cer- 
tain compounds  containing  nitrogen,  which  not  only  de- 
compose very  readilv  themselves,  bot  have  the  property 
of  persuading  or  inducing  the  elements  of  the  other  or* 
ganic  matters,  with  which  they  are  in  contact,  to  assume 
new  forms  or  to  enter  new  chemical  combinations.  HencOf 
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the  sap  of  nlants  almoet  invariably  undergoes  mare  or 
less  rapid  decomposition  even  when  preserved  from  the 
contact  of  both  air  and  water.  When  this  decompotitioD 
has  once  commenced  in  the  sap  it  is  gradaally  propagBted 
to  the  woody  fibre  and  to  the  other  substances  ot  wkidi 
the  mass  of  the  stems  and  roots  of  plants  is  composei 
Hence,  recent  vegetable  matter  will  undergo  a  compan' 
tively  rapid  decomposition,  even  when  buried  to  some 
depth  beneath  the  soil— and  the  elements  of  which  itcoi* 
sists  will  form  new  compounds  more  or  less  usefol  to 
living  plants,  in  circumstances  where  dry  and  where  manj 
forms  even  of  partially  decomposed  vegetable  mattec 
would  undergo  no  change  whatever. 

30.  Further — when  green  vegetable  matter  b  allowed 
to  decay  in  the  open  air,  it  is  gradually  resolved  more  or 
less  completely  into  carbonic  acid,  which  escapes  into  the 
air  and  is  so  far  losL  But  when  buried  beneath  the  sarfiicei 
thb  formation  of  carbonic  acid  proceeds  leas  rapidly,  aod 
other  compounds — ^preparatory  to  the  final  resoktioa  into 
carbonic  acid  and  water — are  produced  in  greater  quan- 
titv  and  linger  in  the  soil.  Thus  by  burying  vegataUa 
substances  in  his  land  in  their  green  state,  the  practical 
man  actually  saves  a  portion  of  the  organic  food  of  plaots, 
which  would  otherwise  so  far  run  to  waste. 

40.  Finally.  Green  vegetable  substances,  by  exponiia 
to  the  air,  gradually  give  up  a  portion  of  the  Mline  mat- 
ter they  contain  tp  the  showers  of  rain  that  fisdL  This 
more  or  less  escapes  and  ii  lost.  But  if  buried  beneath 
the  soil  this  saline  matter  is  restored  to  the  land,  aod 
where  the  green  matter  thus  buried  is  in  the  state  of  1 
growing  crop,  both  the  organic  and  inoi^ganic  sabatanoes 
it  contains  are  more  equally  diffused  through  the  soil  thaa 
they  could  be  bv  any  other  known  process* 
.  On  one  or  other  of  these  principles  depend  nearly  all 
the  special  advantages  which  are  known  to  follow  from 
green  manuring  and  from  the  employm^it  of  green  vega* 
table  matter  in  the  preparation  or  composts. 
§  2.  Lnpartantpraetieal  rendu  cbiained  by  greets  mmurng^ 

But  this  explanation  of  the  principles  on  wbidi  the  effi- 
cacy of  ^eem  manuring  depends,  does  not  fully  iQastrate 
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the  impoTtant  practical  fesults  by  wliich,  in  many  locaUicieSy 
it  is  uniformly  followed. 

Let  U9  glance  at  these  results. 

lo.  The  ploughing  in  of  green  vegetables  on  the  spot 
where  they  have  grown  may  be  followed  as  a  methoa  of 
manuring  and  enriching  M  land— where  other  manures 
are  less  abundant.  Growing  plants  bring  up  from  beneathi 
as  far  as  their  roots  extend,  those  substances  which  are 
useful  to  Tegetation-^and  retain  them  in  their  leaves  and 
stems.  By  ploughing  in  the  whole  plant  we  restore  to  the 
surface  wlutt  had  previously  sunk  to  a  greater  or  less  depth, 
and  thus  make  it  more  fertile  than  before  the  green  crop 
was  sown. 

d^.  This  manuring  is  performed  with  the  least  loss  by 
the  use  of  vegetables  in  the  green  state.  By  allowing 
them  to  decay  in  the  open  air,  there  is,  as  above  stated,  a 
loss  both  of  organic  and  of  inorganic  matter — if  they  be 
converted  into  fermented  (farm-yard)  manure,  there  is 
also  a  large  loss,  as  we  shall  hereafter  see,  and  the  same 
is  the  case,  if  they  are  employed  in  feeding  stock,  with  a 
view  to  their  conversion  into  manure.  In  no  other  Jbrm 
tan  the  same  crop  convey  to  the  eoil  an  egual  amount  of  en^ 
rithing  matter  as  in  that  of  green  leaves  and  stems,  TiVhere 
the  Jirst  object,  therefore,  in  the  farmer's  practice  is,  so  to 
use  his  crops  as  to  enrich  his  land — he  will  soonest  eflfect 
it  by  ploughing  them  in  in  the  green  state. 

3^.  Another  important  result  is,  that  the  beneficial  action 
is  almost  immediate.  Green  vegetables  decompose  rapid v, 
and  thus  the  first  crop  which  follows  a  green  manuring  is 
benefitted  and  increased  by  it.  But  partly  fur  this  reason 
also  the  sreen  manuring— of  com  cropped  land-^if  aided 
by  no  other  manure,  must  generally  ne  repeated  every 
second  year. 

Ao.  It  is  said  that  grain  crops  which  succeed  a  green  ma* 
nuring  are  never  laid-^and  that  the  produce  in  grain  is 
greater  in  proportion  to  the  straw,  than  when  manured 
with  fermented  dung. 

5^.  But  it  is  deserving  of  separate  consideration,  that 
green  manuring  is  especially  adapted  for  improving  and 
enriching  soils  which  are  poor  in  vegetable  matter.    The 
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principleB  on  which  Urag  plants  cfamvr  a  part— sooMiimes 
a  large  part — of  their  sustenance  from  the  air  have  already 
heen  discussed,  and  I  may  presume  thai  yon  auffidantly 
nndecstand  the  prtDciplea  and  admit  the  fact  LdTing 
planta*  then,  contain  in  their  substance  not  only  all  they 
have  drawn  up  from  the  ami,  but  abo  a  great  paxt  of  what 
they  have  drawn  down  from  the  air.  Plough  in  these 
living  plants,  and  yon  necessarily  add  to  the  soil  more  tfaa 
was  taken  from  it — in  other  words,  you  make  it  richer  in 
organic  matter.  Repeat  the  process  with  a  second  crop 
and  it  becomes  ridier  still— *at)d  it  would  be  diffiealt  lod^ 
fine  the  limit  beyond  which  the  process  coald  no  fiirthsr 
be  carried. 

Is  there  any  soil  then,  in  the  ordinary  dimates  of  En- 
rope,  which  is  beyond  the  reach  of  this  improving  prooess  t 
Those  only  are  so  on  which  plants  refuse  to  grow  at  afl« 
or  on  which  they  grow  so  languidly  as  to  extract  from  the 
air  no  more  than  is  restored  to  it  again  by  the  natmal ,  de- 
cay of  the  organic  matter  which  the  soils  already  contain. 

But  £br  those  plants  which  grow  naturally  upon  the  smli 
agricaltural  skill  may  substitute  o^mib,  which  will  increase 
more  rapidly,  and  produce  a  larger  quantity  of  greea 
leaves  and  stems  for  the  purpose  of  b^ng  bnried  in  the 
soiL  Hence,  the  selection  of  particular  crops  for  tho  par- 
pose  of  given  manuring—those  being  obviously  the  fittest 
which  in  the  given  soil  and  climate  grow  moH  rmpMft  or 
which  produce  the  iargatt  quamtUy  of  vegttMt  nuUUr  ta 
ike  shortest  time  and  at  the  smallest  cost. 

%Z.  Of  the2>l<i^9  which  in  different  soils  and  clmuUeo  art 

employed  for  green  manuring. 

On  this  principle  b  founded  the  selection  of  dijfisrmt 
plants  in  different  soils  and  climates  for  the  pnrpoao  of 
green  manuring.  That  which  in  Italy  will  yield  the 
largest  produce  of  leaves  and  stems,  at  the  least  coat,  and 
in  the  shortest  time,  may  not  do  so  in  the  north  of  £ng- 
land  or  of  Germany— and  that  which  will  enrich  a  poor 
day  or  an  exhausted  loam  may  refuse  even  to  gfoav;  in  a 
healthy  manner,  upon  a  drifting  sand. 

10.  Spuny  (Spergula  Arveiisas).«»-It  is  to  poor  diy 
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sandy  soils  tbat  green  manuring  has  been  found  most  sig- 
nally beneficial,  and  fur  such  soils  no  plant  has  been  more 
lauded  than  spurry^  It  may  either  be  sown  in  autumn 
on  the  com  stubble  or  after  early  potatoes,  and  ploughed 
in  in  spring  preparatory  to  the  annual  crop,  or  it  may  be 
used  to  replace  the  naked  fallow,  which  is  often  hurtful  to 
lands  of  so  light  a  character.  In  the  latter  case,  the  ^rst 
sowing  may  take  place  in  March^  the  second  in  May,  and 
the  third  in  July — each  crop  being  ploughed  in  to  the 
depth  of  three  or  four  inches,  and  the  new  seed  then  sown 
and  harrowed.  When  the  third  crop  is  ploughed  in,  the 
land  is  ready  for  a  crop  of  winter  corn. 

Von  Voght*  states  that  by  such  treatment  the  worst 
shifting  sands  may  be  made  to  yield  remunerative  crops 
of  rye — that  the  most  worthless  sands  are  more  improved 
by  it  than  those  of  a  better  natural  quality — that  the  ffreen 
manuring  every  other  year  not  only  nourishes  sufficiently 
the  alternate  crops  of  rye,  but  gradually  enriches  the  soil 
— and  that  it  increases  the  effect  of  any  other  manure  that 
may  subsequently  be  put  on.  He  adds,  also,  that  spurry 
produces  often  as  much  improvement  if  eaten  off  by  cattle 
as  if  ploughed  in,  and  that  when  fed  upon  this  plant,  either 
ffreen  or  in  the  state  of  hay,  cows  not  only  give  more  milk, 
but  of  a  richer  quality. 

2^.  White  Lupim. — In  Italy,  and  in  the  south  of  France, 
the  white  lupin  is  extensively  cultivated  as  a  green  manure. 
In  Germany,  also,  it  has  been  found  to  be  one  of  those 
plants  by  which  unfruitful  sandy  soils  may  be  most 
speedily  brought  into  a  productive  state.  The  superiority 
of  this  plant  for  the  purpose  of  enriching  the  soil  depend 
upon  its  deep  roots,  which  descend  more  than  two  feet 
beneath  the  surface — upon  its  being  little  injured  by 
droughti  and  little  liable  to  be  attacked  by  insects— on  its 
rapid  growth^ — and  upon  its  large  produce  in  [eaves  and 
stems.  Even  in  the  North  of  Germany  it  is  said  to  yield* 
in  three  and  a-half  to  four  months,  10  to  12  tons  of  green 
herbage.  It  grows  in  alt  soils  except  such  as  are  marly 
and  calcareous,  is  especially  partial  to  such  as  have  a  ferru* 

^  VartheiU  der  grSnen  Bed&ngung. 
rART  Illi  16 
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ginoas  subsoil,  and  besides  enriching,  also  opent  sdff  days 
by  its  strong  stems  and  roots. 

30.  The  Vetch  is  inferior  in  many  of  its  qnalities  to  tlie 
white  lupin — ^yet  in  Southern  Germany  it  is  often  sown 
on  the  stubble,  and  ploughed  in  after  it  has  been  touched 
with  the  frost,  and  has  begun  to  decay.  In  England  also 
the  winter  tare  ploughed  in  early  in  spring  has  been  foao3 
highly  advantageous.*  It  is  a  more  precarious,  boweTer, 
and  a  more  expensive  crop  than  either  of  the  former,  vs^ 
requires  a  better  soil  for  its  successful  growth. 

i^.  Buck'  Wheat  is  also  too  uncertain  a  crop,  and  tbe 
high  price  of  its  seed  renders  it  inferior  in  value  to  spony 
on  sandy  soils.  It  is  superior  to  this  latter  plant,  howerer, 
on  poor  heaths.  In  Southern  Germany  it  is  sown  on  tbe 
Stubble  and  ploughed  in  when  it  is  18  or  20  inches  high- 

50.  Rapt  can  only  be  sown  upon  a  soil  which  is  already 
in  some  measure  rich,  but  it  has  the  advantage  of  con- 
tinuing to  grow  very  late  in  the  autumn,  and  of  begioniDg 
again  very  early  in  spring.  It  sends  down  deep  roots  also, 
and  loosens  clayey  soils  by  its  thick  stems.  lo  the  Hg^' 
soils  of  Alsace  it  is  sown  after  early  peas  and  potatoes, 
and  manures  the  land  for  the  succeedmg  crop  of  wbeat 
or  rye. 

60.  Rye  is  pronounced  by  Von  Voght  to  be  tbe  hcst  of 
all  green  manures  for  sandy  soils,  but  it  is  also  the  inost 
expensive.  It  is  a  very  sure  crop  and  begins  to  grow 
very  early  in  the  spring,  but  it  is  not  deep  rooted.  It 
has  been  used  with  advantage  in  Northern  Italy  and  io 
Germany. 

60.  Turnips  have  been  sown  in  Sussex  with  good  effect 
as  a  stubble  crop  for  ploughing  in  in  spring,  and  in  No^ 
folk  and  elsewhere  the  portions  of  the  turnip  bulbs  wbicb 
are  left  when  they  are  eaten  off  by  sheep  contribute,  when 
ploug;hed  .in,  to  enrich  the  land  for  tbe  barley  that  is  to 
follow.  Turnip  tops  are  in  many  places  ploughed  in  with 
much  benefit  to  the  ]and.t  Potato  tops  also  might  be 
dug  or  ploughed  in  with  equal  advantage. 

•  Brititli  Hutban^,  I.,  p.  407. 

t  »•  I  find  no'better  way  of  manuriiig  for  whMt  after  Ouiiipt,  thtt  plj^J; 
r*j?.    tJ^P"  ^*"*®  tmijgreen,  as  sooo  at  the  UuniiM  are  lakenoff  W 
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7<).  Borage  has  been  stroDgly  recommended  in  Ger- 
many, and  especially  by  Lampadius.  It  is  staled  by  thie 
experimenter  that  borage  draws  from  the  air  ten  times  as 
much  of  the  elements  of  its  organic  matter  as  it  does  from 
the  soil,  and  that  therefore  it  is  admirably  fitted  for  en- 
riching the  land  on  which  it  grows. 

80.  Red  Clover  is  often  ploughed  in  as  a  manure.  On 
the  Rhine  it  is  sown  for  this  purpose,  beinff  ploughed  in 
before  it  begins  to  flower.  In  French  Flanders  two  crops 
of  clover  are  cut,  and  the  third  ploughed  iu,  aud  in  some 
parts  of  the  United  States  of  North  America  the  clover 
which  alternates  with  the  wheat  crop  is  ploughed  in  as 
the  only  mannre.*  White  Clover  is  not  so  valuable  for 
this  purpose,  for  neither  is  it  so  deep  rooted  nor  does  it 
yield  so  large  a  crop  of  stems  and  leaves. 

9^,  Old  graes. — Perhaps  the  most  common  form  of 
green  manuring  practised  in  this  country  is  that  of  plough- 
ing up  grass  lanas  of  various  ages.  The  green  matter  of 
the  sods  serves  to  manore  the  ailer-crop,  and  renders  the 
soil  capable  of  yielding  a  richer  return  at  a  smaller  expense 
of  manure  artificially  added. 

In  regard  to  all  these  forms  of  green  manuring  it  is  to 
be  observed  that  they  enrich  the  soil  generally,  and  are 
therefore  well  fitted  to  prepare  it  for  after-crops  of  com  ; 
they  will  not  fit  it,  however,  for  a  special  crop,  such  as 
turnips,  which  requires  to  be  unnaturally  forced  or  pushed 
forward  at  a  particular  period  of  its  growth. 

§  4.   Will  green  manuri$ig  alone  prevent  land  from  becoming 

exhausted  ? 

If  by  green  manuring  is  meant  the  growing  of  vege- 
table matter  upon  one  field,  and  ploughing  it  in  green  into 
another,  as  is  sometimes  done,  it  may  be  safely  said  that, 
when  judiciously  practised,  land  may  by  this  single  pro- 
cess be  secured  for  an  indefinite  period  against  exhaustion. 
But  if  we  plough  in  only  what  the  land  itself  produces, 

*  Barclay*!  AgnatUurvl  Tomr  m  tke  Umitd  Sialet. 
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and  carry  off  occasional  crops  of  corn,  the  time  will  uld- 
mately  come  when  any  soil  thus  treated  will  cease  to  yield 
"remunerating  crops.  A  brief  consideration  of  the  sobject 
will  satisfy  you  of  this. 

Suppose  a  loose  sand  to  be  improved  by  repeatedly 
sowing  and  ploughing  in  crops  of  spurry  or  white  lupins, 
the  green  leaves  and  stems  fix  the  floating  elements  otlhe 
'atmosphere,  and  enrich  the  soil  with  organic  matter,  while 
the  roots,  more  or  less  deep,  bring  up  saline  matters  to 
the  surface,  and  thus  supply  to  the  plant  what  is  do  less 
necessary  to  its  healthy  growth.  But  the  rains  yearly 
wash  away  from  the  surface,  and  the  com  crops  remove  a 
portion  of  this  saline  matter.  This  portion  the  crops 
grown  for  the  purpose  of  green  manuring  yearly  renew 
by  fresh  supplies  from  beneath.  But  no  subsoil jcoataios 
an  inexhaustible  store  of  those  saline  substances  which 
plants  require.  Hence,  though  by  skilful  green  raanunDg 
waste  land  may  be  brought  to  a  remunerative  state  of  fer- 
tility, it  will  finally  relapse  again  into  a  state  of  natore,  if 
no  other  methods  are  subsequently  adopted  for  maintain' 
ingits  productiveness.  Tho  process  may  be  a  slow  oae, 
and  practical  meQ  may  be  unwilling  to  believe  in  the  pes* 
sibility  of  a  result  which  does  not  exhibit  itself  within  the 
currency  of  a  single  lease,  or  during  a  single  life-time— 
yet  few  things  are  more  certain  than  that  in  general  the 
soil  must  sooner  or  later  receive  supplies  oftaUne  raanore 
in  one  form  or  another,  or  else  must  ultimately  become 
unproductive.  It  may  be  considered  as  a  proof  of  thb 
fact  that,  in  all  densely  peopled  countries  in  which  agii- 
culture  has  been  skilfully  prosecuted,  the  manufactoiiog 
of  such  manures  has  become  an  important  branch  of  busi- 
ness, giving  employment  lo  numy  bands,  and  afibrding  an 
investment  to  much  capital. 

The  following  Table,  in  addition  to  other  particolars, 
exhibits  the  relative  proportions  of  dry  organic  and  salioe 
matter,  capable  of  being  added  to  the  surface  soil  by  a  fev 
of  those  plants  which  are  employed  for  the  purposes  of 
green  manuring  i — 


THB  LAND  FROM  FINAL  SXHAU8TI0N. 


18^ 


1000  Ibt.  coBtaln 

iBtliegr«eiiitate» 

Orgaaie  Saline 

Matter.   Matter 


Kind  of  PlanL 


Spuny  -  - 


Arengo 

produce 

per  imp. 

Acre. 


6,500 


WhiteLupin  25,000 

Vetch    -  .  11,000 

Buck-wheat   8,000 

jRape  -  -  -  16,000 


Iba^ 
199 

188 

238 
170 
214 


Um. 

21 

12 
17 


Depth 

of 
Roota. 


inelies. 

12  to  15 
24  to  26 


Grope 
ioa 
V 


r. 


15  to  20 
10  12  to  15 
16  I      1 


2  or  8 

lorli 

2 

2 

lorli 


BoHforwhicb 
tbe/  are  fitted. 


(  Dry,  loose, 

}  sandj. 
Any  except 
marly  or 
calcareous. 
Strong  soil. 

i  Dry,  sandy, 
ornxwriah. 
RichfioiL 


§  5.  Of  the  practice  of  green  manuring. 

In  tbe  practical  adoption  of  green  manuring  it  is  of  im* 
portance  to  bear  in  mind — 

1*^.  That  a  sufficient  quantity  of  seed  must  be  sown  to 
keep  the  ground  well  covered,  one  of  tbe  attendant  ad* 
vantages  of  stubble  crops  being  that  they  keep  the  land 
clean  and  prevent  it  from  becoming  a  prey  to  weeds. 

2^.  That  the  plants  ought  to  be  mown  or  harrowed,  and 
at  once  ploughed,  in  before  they  come  into  fidlJUnoer,  The 
flower-leaves  give  offkiitrogen  into  the  air,  and  as  this  ele« 
ment  is  snpposed  especially  to  promote  the  growth  of 
plants,  it  is  desirable  to  retain  as  much  of  it  in  the  plant 
and  soil  as  possible.  Another  reason  is  that,  if  allowed  to 
ripen,  some  of  the  seed  may  be  shed  and  ailerwards  infest 
the  land  with  weeds. 

3^.  That  they  should  be  ploughed  in  to  the  depth  of  3 
or  4  inches  only,  that  they  may  be  covered  sufficiently  to 
prevent  waste,  and  yet  be  within  reach  of  the  air,  and  of 
the  early  roots  of  the  succeeding  crop. 


§  6.  Of  natural  manuring  withreomt  vegetaUe  maiter. 

Besides  the  method 'of  ploughing  in,  which  may  be  dis- 
tinguished as  artificial  green  manuiing, — there  is  another 
mode  in  which. recent  vegetable  matter  is  employed  in  na-. 

16f 
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ture  for  the  purpose  of  enriching  the  soil.     The  natural 
grasses  grow  aod  die  upon  a  meadow  or  pasture  field,  and 
though  that  which  is  above  the  surface  may  be  mowed  for 
hay,  or  cropped  by  cattle^  yet  the  roots  remaiaand  gradu- 
ally add  to  the  quantity  of  vegetable  matter  beneath.     The 
same  is  the  case  to  a  greater  or  less  extent  with  all  the 
artificial  corn,  grass,  and  leguminous  crops  we    grow. 
They  all  leave  their  roots  in  the  soil,  and  if  the  quantity 
of  organic  matter  which  thesovroots  contain  be  greater  than 
that  which  the  crop  we  carry  off  ha9  4onved  from  tbe  soil, 
then  instead  of  exhausting,  the  growth  of  this  crop  will 
actually  enrich  the  soil  in  so  far  as  the  presence  of  organic 
matter  is  concerned.     No  crops,  perhaps,  the  tcAole  pro- 
duce qf  which  is, carried  off  the  fields  leave*a  sufficient  mass 
of  roots  behind  them  to  effect  this  end,  but  many  plants, 
when  in.  whole  or  ia  part  eaten,  upon,  the  field,  leare 
enough  in  the  soil  materially  to  improve  the  condition  of 
the  land — ^while  in.  all  easea  those  are-  considered  as  the 
least   exhausting,  to  which  are   naturally  attached   the 
largest  weight  of  roots.     Hence,  the  main  reason  why  poor 
lands  are  so  n>ucb  benefitted  by  being  laid  down  to  grass, 
and  why  an  intermediate  crop  of  clover  is  often  aa  bene- 
ficial to  the  after  crop  of  com  a^  if  the  land  had  lain  in 
naked  fallow.* 

An  interesting  series  of  ex^periments  on  the  i:e1ative 
weights  of  the  roots  and  of  the  green,  leaves  and  stems  of 
yarious  grasses,  made  by  Hlubek,t  throws  considerable 
light  upon  their  relative  efficacy  in  enriching  the  soil  by 
the  vegetable  matter  they  diffuse  through  it  in  the  form  of 
roots..  The  grasses  were  growii  in  beds  of  equal  size  ( 180 
square  feet),  in  the  agripultural  garden  at  Laybach,  and 
mown  on  th^  fourth,  year  after  sowiqg,  just  as  they  were 
coming  into  iSower.  The  roots  were  then  carefully  taken 
up,  washed,  and  dried.     The  results  were  as  follow : — 

*  If  the  thud  crop  be  ploughed  in,  Uie  land  is  actopUy  enridMd.— 
iJEmiihnai^derPJlttiuen,^,ilB6, 
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Kind  of  Gran. 


■^ 


1.  Festuca  Elatior— Tb// 

Pesctte-grass 

2.  F<9Staca  Ovioa-S&eep'5 

Fescue-grass 

3.  Phleum  Pratense— Ti- 

moihy  grass     •>     - 

4.  Dactylis   Glomerata — 

Rougli  Cock's-foot  - 
6.  Lolium  Perenne — Pe- 
rennial  Rye-grass  - 

6.  Alopecuras  Pratensis— 

Meadow  FbX'toU  - 

7.  Triticum      Repons — 

Creeping   Cweh  or 
Quicken-grass 

8.  Pon    Annua— tAnntiaZ  i 

Meadow-grass     -      ^ 

9.  Bromus  Mollis  and  Ra- 

cemosus — Soft  and 
smooth  Brome-grass  ^ 
10.  Anthoxanthum  Odora-  i 
turo-^<$tM»/-  scented  ^ 
VetnaUgrass    -    -    ) 


Prodqett  in 
Qran.   I  Hay. 

lbs. 


lbs. 
124 

90 

90 

202 
50. 

106. 


120   60 


36 
30 
25 
67 
17 
35 


Prodacsia 
Boots. 


Frak 


lbs. 
56 


Dry. 


56 


I 


lbs. 
22 

80 

17 

22^ 

50 

24 

70 


Weiclit  of 

dry  Boolt 

to  100  Um. 

of  Hay. 


lbs. 
61 

266 
60 
33 

800 
70 

116 

111 

105 

93 


A  mixture  of  white  clover,  of  ribrwort,  of  boary  plan- 
tain, and  of  couqh-grass,  in  an  old  pasture  field,  gave 
400  lbs.  of  dry  roots  to  100  lbs.  of  hay— and  in  a  clover 
field,  at  the  end  of  the  second  year,  the  fresh  roots  were 
equal  to  ono'third  of  the  whole  weight  of  green  clover 
obtained:  at.  three  cuttings — one  in  the  firsthand  two  in  the 
second  year—awhile  in  the  dry  state  there  were  56  lbs.  of 
dry  roots  to  every  100  lbs.  or  clover  hay  which  had  been 
carried  off. 

The  fourth,  column  of  the  above  table  shojfvs  hpw  large 
a  quantify  of  vegetable  matter  some  of  the  grasses  im- 
part to.  the  soil,  and  yet  how  unlike  the  different  grasses 
are  in  this  respect.  The  sheep's-fescue  and  the  pereiinial 
rye-grass— ^besides  the  dead  roots,  which  detach  themselves. 
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from  time  to  time — leave,  at  the  end  of  the  foaitb  year, 
a  weight  of  living  roots  in  the  soil  which  is  equal  to  three 
times  the  produce  of  that  year  in  hay.  If  we  take  the 
mean  of  all  the  ahove  grasses  as  an  average  of  what  we 
may  fairly  expect  in  a  grass  field — then  the  amount  of 
living  roots  lejt  in  the  soil  when  a  four-year-old  grass fidd 
is  ploughed  up,  toill  be  equal  to  one-sixlh  mare  than  the 
weight  of  that  year's  crop. 

In  an  old  pasture  or  meadow  field  again,  when  ploughed 
up,  the  living  roots  left  are  equal  to  four  times  the  weigJU 
of  that  year's  hay  crop.  If  a  ton  and  a  half  of  hay  hare 
been  reaped — then  about  six  tons  of  dry  vegetable  mat- 
ter remain  in  the  soil  in  the  form  of  roots. 

In  the  case  of  clover,  at  the  end  of  the  second  year  the 
quantity  of  dry  vegetable  matter  left  in  the  form  of  roots 
is  equal  to  upwards  of  one-half  the  weight  of  the  whole 
hay  which  the  clover  has  yielded.  Suppose  there  be  three 
cuttings,  yielding  4  tons  of  hay,  then  2  tons  of  dry  vegeta- 
ble matter  are  added  to  the  soU  in  the  form  of  roots,  uhe^ 
the  clover  stubble  is  ploughed  up. 

But  the  quantity  of  roots,  like  that  of  green  produce, 
is  dependant  upon  a  variety  of  circumstances.  It  will 
sometimes,  therefore,  be  greater  and  sometimes  less  than 
is  above  stated.  It  may  be  received  as  a  rule — not  with- 
out exceptions  perhaps,  yet  still  as  a  general  rule — that 
whatever  causes  an  increased  produce  above  g^und,  will 
cause  a  corresponding  increase  in  the  growth  of  roou. 
Thus  nitrate  of  soda,  which  gives  us  a  larger  yield  of  haj, 
makes  the  roots  also  stronger  and  deeper^  and  the  sward 
tougher  and  more  difficult  to  plough  (see  Appendix) 
Hence  it  is  that  the  farmer  is  anxious  that  his  cIoTer 
crop  should  succeed,  not  merely  for  the  increased 
amount  of  green  food  oc  of  hay  it  will  give  him, 
but  because  it  will  secure  hira  also. a  better  after  crop  of 
eom. 

This  burying  of  recent  vegetable  matter  in  the  soil,  in 
the  form  of  living  and  dead  roots  of  plants,  is  one  of 
those  important  ameliorating  operations  of  nature,  which 
is  always  to  some  extent  going  on,  wherever  vegetation 
^oceeds.     It  is  one  by  which  the  practical,  man  is  oftio 
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benefitted  unawares,  and  of  which — ^too  often  without  un- 
derstanding the  source  from  whence  the  advantage  comes 
— he  systematically  avails  himself  in  some  of  the  most 
skilful  steps  he  takes  with  a  view  to  the  improvement  of 
his  land.  ' 

§  7.  Improvement  of  the  9oU  by  laying  down  to  grass. 

One  of  the  most  common  of  these  methods  of  improve- 
ment is  that  of  laying  doum  to  grass.  This  may  be  done 
for  two,  three,  or  four  years  only,  or  for  an  indefinite  pe- 
riod of  time.  In  the  latter  case,  the  land  is  said  to  be  laid 
down  permanently,  or  to  permanent  pasture. 

1^.  Temporary  pasture  or  meadow, — If  the  land  be 
sown  with  grass  and  clover-seeds,  only  as  an  alternate 
crop  between  two  sowings  of  com,  the  effect  is  fully  ex- 
plained by  what  has  been  already  stated  (§  6.)  The  roots 
which  are  left  in  the  soil  enrich  the  surface  with  both  or- 

ganic  and  inorganic  matter,  and  thus  fit  it  for  bearing  a 
etter  after  crop  of  com. 
If,  again,  it  be  left  to  grass  for  three  or  five  years,  the 
same  effect  is  produced  more  fully,  and  therefore  this 
longer  rest  from  com  is  better  fitted  for  soils  which  are 
poor  in  vegetable  matter.  The  quantity  of  organic  mat- 
ter which  has  accumulated  becomes  greater  every  year,  in 
consequence  of  the  annual  death  of  stems  and  roots,  and 
of  the  soil  being  more  closely  covered,  but  this  increase 
is  probably  never  in  any  one  after-year  equal  to  that  which 
takes  place  during  the  first.  The  quantity  of  roots  which 
is  produced  during  the  first  year  of  the  young  plants' 
growth  must,  we  may  reasonably  suppose,  be  greater  than 
can  ever  afterwards  be  necessary  in  an  equal  space  of 
time.  Hence,  one  good  year  of  grass  or  clover  will  en- 
rich the  soil  more  in  proportion  to  the  time  expended^  than 
a  rest  of  two  or  three  years  in  grass,  if  annually  motoed. 

Or,  if  instead  of  being  mown,  the  produce  in  each  case 
be  eaten  off  by  stock,  the  result  will  be  the  same.  That 
which  lies  longest  will  be  the  richest  when  broken  up,  but 
not  in  an  equal  proportion  to  the  time  it  has  lain.  The 
produce  of  green  parts,  as  well  as  of  roots,  in  the  artifi- 
cial grasses,  is  generally  greatest  during  the  first  year 
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after  tbey  are  Bown,  and  therefore  the  manuring  derived 
from  the  droppings  of  the  stock,  as  well  as  from  the  roots, 
vfill  be  greatest  in  proportion  daring  the  first  year.  That 
farming,  therefore,  is  most  economical — where  the  land 
will  admit  of  it — which  permits  the  clover  or  grass  seeds 
to  occupy  the  land  for  one  year  only. 

But  if,  after  the  first  year's  hay  is  removed,  the  land  be 
pastured  for  two  or  three  years  more,  it  is  possible  that 
each  succeeding  year  may  enrich  the  surface  soil  as  macfa 
as  the  roots  and  stubble  of  the  first  year's  bay  had  done; 
so  that  if  it  lay  three  years  it  might  obtain  three  times  the 
amount  of  improvement.  This  is  owing  to  the  circnn- 
Btance  that  the  whole  produce  of  the  field  remains  upon 
it,  except  what  is  carried  off  by  the  stock  when  removed— 
but  very  much,  it  is  obvious,  will  depend  upon  the  nature 
of  the  soil  and  upon  the  selection  of  the  seeds  being  such, 
as  to  secure  a  tolerable  produce  of  green  food  during  tbe 
second  and  third  years. 

2°.  Permanent  pasture  or  meadow.— 'But  when  land  is 
laid  down  to  permanent  grass  it  undergoes  a  series  of  fur- 
ther changes,  which  have  frequently  arrested  atteatioD, 
and  which,  though  not  difficult  to  be  understood,  bsve 
often  appeared  mysterious  and  perplexing  to  practical 
men.     Let  us  consider  these  changes. 

a.  When  grass  seeds  are  sown  for  the  purpose  of  fora- 
ing  a  permanent  sward,  a  rich  crop  of  grass  is  ohtained 
during  the  first,  and  perhaps  also  the  second  year,  bat  the 
produce  afler  three  or  four  years  lessens,  and  the  value  of  the 
pasture  diminishes.  The  plants  gradually  die  and  leave 
blank  spaces,  and  these  again  are  slowly  filled  up  by  tbe 
sprouting  of  seeds  of  other  species,  which  have  either 
lain  long  buried  in  the  soil  or  nave  been  brought  thitber 
by  the  winds. 

This  first  change,  which  is  almost  universally  observed 
in  fields  of  artificial  erass,  arises  in  part  from  the  change 
which  the  soil  itself  has  undergone  during  the  few  yean 
that  have  elapsed  since  the  grass  seeds  were  sown,  and  is 
part  from  the  species  of  grass  selected  not  being  sncb  as 
the  soil,  at  any  time,  could  permanently  sustain. 

b.  When  this  deterioration,  arising  tram  the  dying  oat 
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of  the  sown  grasses,  has  reached  its  utmost  point,  the 
sward  hegins  gradually  to  iroproye,  natural  trasses  suited 
to  the  soil  spring  up  in  the  hlank  places,  and  from  year  to 
year  the  produce  oecomes  greater  and  greater,  and  the 
land  yields  a  more  yaluable  pasture.  Practical  men  often 
say  that  to  this  improvement  there  are  no  bounds,  and  that 
the  older  the  pasture  the  more  valuable  it  becomes. 

But  this  is  true  only  vnthin  certain  limits.  It  may  prove 
true  for  the  entire  currency  of  a  lease,  or  even  for  the 
life-time  of  a  single  observer,  but  it  is  not  generally  true. 
Even  if  pastured  by  stock  only  and  never  mown — ^tbe  im* 
provement  will  at  length  reach  its  limit  or  highest  point, 
and  from  this  time  the  value  of  the  sward  will  begin  to 
diminish. 

c.  This,  again,  is  owing  to  anew  change  which  has  come 
over  the  soil.  It  has  become,  in  some  degree,  exhausted 
of  those  substances  which  are  necessary  to  the  growth  of 
the  more  valuable  grasses-— less  nutritive  species,  there- 
fore, and  such  as  are  less  willingly  eaten  by  cattle,  take 
their  place. 

Such  is  the  almost  universal  process  of  change  which 
old  grass  fields  undergo,  whether  they  be  regularly  mown 
or  constantly  pastured  only — provided  they  are  left  en- 
tirely to  themselves.  If  mown  they  begin  to  fail  the 
sooner,  but  even  when  pastured  they  can  be  kept  in  a 
state  of  full  productiveness  only  by  repeated  top-dressings, 
especially  of  saline  manure — ^that  is,by  adding  to  the  soil 
those  substances  which  are  necessary  to  the  growth  of  the 
valuable  grasses,  and  of  which  it  suffers  a  yearly  and  un- 
avoidable loss.  Hence  the  rich  grass  lands  of  our  fathers 
are  found  now  in  too  many  cases  to  yield  a  herbage  of 
little  value.  Hence,  also,  in  nearly  all  countries,  one  of 
the  first  steps  of  an  improving  agriculture  is  to  plough  out 
the  old  and  failing  pastures,  and  either  to  convert  them 
permanently  into  arable  fields,  or,  af^er  a  few  years'  crop- 
ping and  manuring,  ag^in  to  lay  them  down  to  grass. 

But  when  thus  ploughed  out,  the  surface  soil  upon  old 
grass  land  is  found  to  have  undergone  a  remarkable  altera- 
tion. When  sown  with  grass  seeds,  it  may  have  been  a 
stiff,  more  or  less   grey,  blue,  or  yellow    clay^when 
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ploughed  out  it  Is  a  rich,  brown,  generally  light  and  fri- 
able vegetable  mould.  Or  when  laid  down  it  may  have 
been  a  pale-coloured,  red,  or  yellow  sand  or  loam.  In 
this  case  the  surface  soil  is  still,  when  turned  up,  of  a  rich 
brown  colour*— it  is  lighter  only  and  more  sandy  than  in 
the  former  case,  and  rests  upon  a  subsoil  of  sand  or  loam 
instead  of  one  of  clay.  It  is  from  the  production  of  this 
change  that  the  improvement  caused  by  laying  land  down 
to  grass  principally  results.  In  what  does  this  change  con- 
sist 1  and  how  is  it  effected  t 

If  the  surface  soil  upon  stiff  clay  lands,  which  have  lain 
long  in  grass,  be  chemically  examined,  it  will  be  found  to 
be  not  only  much  richer  in  organic  matter,  but  often  also 
poorer  in  alumina  than  the  soil  which  formed  the  surface 
when  the  gprass  seeds  were  first  sown  upon  it.  The  brown 
mould  which  forms  on  lighter  lands  will  exhibit  similar 
difierences  when  compared  with  the  soil  on  which  it  rests; 
but  the  proportion  of  alumina  in  the  latter  being  originally 
small,  toe  difierence  in  respect  to  this  constituent  will  not 
be  so  perceptible. 

The  effect  of  this  change  on  the  surface  soil  is  in  all 
eases  to  make  it  more  rich  in  those  substances  which  calti- 
vated  plants  require,  and  therefore  more  fertile  in  com. 
But  strong  clay  lands  derive  the  further  important  benefit 
of  being  rendered  more  loose  and  friable,  and  thus  more 
easily  and  more  economically  cultivated. 

The  mode  in  which  this  change  is  brought  about  is  as 
follows : — 

lo.  The  roots,  in  penetrating,  open  and  loosen  the  sub- 
jacent stiff  clay.  Diffusing  themselves  every  where,  they 
gradually  raise,  by  increasing  the  bulk,  of  the  surface  soil. 
The  latter  is  thus  converted  into  a  mixture  of  clay  and  de- 
cayed roots,  which  is  of  a  daik  colour,  and  is  necessarily 
more  loose  and  friable  than  the  original  or  subjacent  un- 
mixed clay. 

2^.  But  this  admixture  of  roots  affects  the  chemical 
composition  as  well  as  the  state  of  aggregation  of  the  soil 
The  roots  and  stems  of  the  grasses  contain  much  inorganic 
— earthly  and  saline — matter  (Part  II.,  p.  261),  which  is 
gathered  from  beneath,  wherever  the  roots  penetrate,  and 
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is  by  tbem  sent  upwards  to  the  surface.  A  ton  of  bay 
contains  about  170  lbs.  of  tbis  inorganic  matter  (Part  II., 
p.  323).  Suppose  the  roots  to  contain  as  mucb,  and  thai 
tbe  total  annual  produce  of  grass  and  roots  togetbef 
amounts  to  ibnr  tons,  then  about  680  lbs.  of  saline  and 
earthy  matters  are  every  year  worked  up  by  the  livinjf 
plants,  and  in  a  great  measure  permanently  mixed  with 
the  surface  soil.  Some  of  this,  no  doubt,  is  carried  off  by 
the  cattle  that  feed,  and  by  the  rains  that  fall,  upon  the 
land — some  remains  in  the  deeper  roots,  and  some  is 
again,  year  afber  year,  employed  in  feeding  the  new  growth 
of  grass — still  a  sufficient  quantity  is  every  season  brought 
up  from  beneath,  gradually  to  ennch  the  surface  with  valu- 
able inorganic  matter  at  the  expense  of  the  soil  below. 

3^.  Nor  are  mechanical  agencies  wanting  to  increase 
this  natural  difference  between  the  surface  and  the  under 
soils.  The  loosening  and  opening  of  the  clay  lands  by 
the  roots  of  the  fi;rasses  allow  the  rains  more  easy  access. 
These  rains  gradually  wash  out  the  fine  particles  of  clay 
that  are  mixed  with  the  roots,  and  carry  them  downwards, 
as  they  sink  towards  the  subsoil.  Hence  the  brown  mould, 
as  it  forms,  is  slowly  robbed  of  a  portion  of  its  alumina, 
and  is  rendered  more  open,  while  the  under  soil  becomes 
even  stiffer  than  before.  This  sinking  of  the  alumina  is 
in  a  great  measure  arrested  when  the  soil  becomes  covered 
with  so  thick  a  sward  of  grass  as  to  break  the  force  of  the 
rain-drops  or  of  the  streams  of  water  by  which  the  land 
is  periodically  visited.  Hence  the  soil  of  some  rich  pas** 
tures  contains  as  much  as  10  or  12,  of  others  as  little  as  2 
or  3  per  cent,  of  alumina. 

4^.  The  winds  also  here  lend  their  aid.  From  the  naked 
arable  lands,  when  the  weather  is  dry,  every  blast  of  wind 
carries  off  a  portion  of  the  dust.  This  it  suffers  to  fall 
again  as  it  sweeps  along  the  surface  of  the  grass  fields-— 
the  thick  sward  arresting  tbe  particles  and  sifVing  the  air 
as  it  passes  through  them.  Every  where,  even  to  remote 
districts,  and  to  great  elevations,  the  winds  bear  a  constant 
small  burden  of  earthy  matter  ;*  but  there  are  few  practt- 

*  It  bat  been  obMnred  tbat  on  spots  parpotely  sbeltered  ftom  tbe  wind 
nnd  rain  on  every  side,  the  quantity  of  dost  that  is  collected,  when  preiMa 
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cal  agriculturists  who,  during  our  high  winds,  have  not 
occasionally  seeu  the  soil  carried  off  in  large  qaantitiei 
from  their  naked  fields.  Upon  the  neighhouring  grass 
lands  this  soil  falls  as  a  natural  top-dressing,  hy  which  the 
texture  of  the  surface  is  gradually  changed  and  its  chemi- 
cal constitution  altered. 

5°.  Another  inaportant  agency  also  must  not  he  over* 
looked.  In  grass  lands  insects,  and  especially  earth-worms 
ahound.  These  almost  nightly  ascend  to  the  surface,  and 
throw  out  portions  of  finely-divided  earthy  matter.  Od 
a  close  shaven  lawn  the  quantity  thus  spread  over  the  aar- 
face  in  a  single  night  often  appears  surprising,  lo  tbfi 
lapse  of  years  the  accumulation  of  the  soil  from  thii 
cause  must,  on  old  pasture  fields,  be  very  great  It  hai 
often  attracted  the  attention  of  practical  men,*  and  so 
striking  has  it  appeared  to  some,  that  they  have  heen  in- 
clined to  attribute  to  the  slow  but  constant  labour  of  thae 
insects,  the  entire  formation  of  the  fertile  surface  soih 
over  large  tracts  of  country .f 

I  have  directed  your  attention  to  these  causes  chiefly 
in  explanation  of  the  changes  which  by  long  lyiog  is 

frass  the  surface  of  our  stiff  clay  lands  is  found  to  undergo, 
lut  they  apply  equally  to  other  soils  also-^the  only^i^* 
ference  bemg  that,  in  the  case  of  such  as  are  already  light 
and  open,  the  change  of  texture  is  not  so  great,  and  there- 
fore does  not  so  generally  arrest  the  attention. 

Upon  this  subject  I  may  trouble  you  further  with  two 
practical  remarks — 

I^.  That  the  richest  old  grass  lands — those  which  have 
remained  longest  in  a  fertile  condition — are  geDeraOj 
upon  our  strongest  clay  soils  (the  Oxford  and  Lias  clays, 
Part  II.,  pp.  360  and  362).  This  is  owing  to  the  factihtf 
such  soils  naturally  contain,  and  by  their  comparative  im- 
permeability  re-tain,  a  larger  store  of  those  inorganic  sub- 


iZoum,  11  in  3  yean  eqnal  to  one  line,  or  tn  SS  y0(ir«  to  o«etndk  m  lltidfc^ 
Sprengel,  Lehre  warn.  Dimger^  p.  443. 

*  The  permanence  of  a  fine  carpeting  of  rich  and  sweet  graM  ^/"f^* 
portion  of  hit  farm  it  ascribed  (by  Mr.  Purdie)  to  **  the  spewings  «^ 
worms,  apparently  immensely  numerous,  which  inoessandy  act  ss  s  no 
top-dremnt^r^Prize  Estayt  qf  the  BigUand  Society,  I.,  p.  19L 

t  QeologuxU  Transaeiioiu. 
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Stances  oa  which  the  valuable  grasses  live.  When  the 
surface  soil  becomes  deficient  in  any  of  these,  the  roots 
descend  further  into  the  subsoil  and  bring  up  a  fresh  sup- 
ply. But  these  grass  lands  are  not  on  this  account  exempt 
from  the  law  above  explained,  in  obedience  to  which  all 
pastured  lands,  when  left  to  nature,  must  ultimately  be- 
come exhausted.  They  must  eventually  become  poorer ; 
but  in  their  case  the  deterioration  will  be  slower  and  more 
distant,  and  by  judicious  top-dressings  may  be  still  longer 
protracted. 

2Q.  The  natural  changes  which  the  surface  soil  under- 
goes,  and  especially  upon  clay  lands  when  laid  down  to 
grass,  explain  why  it  is  so  difficult  to  procure,  by  means 
of  artificial  grasses,  a  sward  equal  to  that  which  grows 
naturally  upon  old  pasture  lands.  As  the  soil  changes 
upon  our  artificial  pastures,  it  becomes  better  fitted  to 
nourish  other  species  of  grass  than  those  which  we  have 
sown*  These  naturally  spring  up,  therefore,  and  cover 
the  soil.  But  these  intruders  are  themselves  not  ddbtined 
to  be  permanent  possessors  of  the  land.  The  soil  under* 
goes  a  further  change,  and  new  species  again  appear  upon 
it.  We  cannot  tell  how  often  dinerent  kinds  of  grass  thus 
succeed  each  other  upon  the  soil,  but  we  know  that  the 
final  rich  sward  which  covers  a  grass  field  when  it  has 
reached  its  most  valuable  condition,  is  the  result  of  a  long 
series  of  natural  changes  which  time  only  can  bring  about. 

The  soil  of  an  old  pasture  field,  which  has  been  ploughed 
up,  is  made  to  undergo  an  important  change  botn  in  tex- 
ture and  in  chemical  constitution,  before  it  is  again  laid 
down  to  grass.  The  same  grasses,  therefore,  which  pre* 
viously  covered  it  will  no  longer  flourish,  even  when  they 
are  sown.  Hence  the  unwillingness  felt  by  practical  men 
to  plough  up  their  old  pastures — but  hence,  also,  the  bene- 
fit which  results  from  the  breaking  up  of  such  as  are  old, 
worn  out,  or  covered  with  unwholesome  grasses.  When 
again  converted  into  pasture  land,  new  races  appear,  and 
a  more  nourishing  sward  is  produced.* 

*  For  an  excellent  article  on  the  superior  feeding  qualities  of  recent  arti- 
ficial grasses  over  many  old  posture  lands  by  Mr.  fioswell,  of  KingcausMe. 
the  Quarterly  Jownuuo/  AgneuUure^  N.,  p.  783. 
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§  8.  Improvement  of  the  eoUhy  the  fdatUing  tf  trees. 

It  has  long  been  observed  by  practical  men,  that  when 
poor,  thin,  unproductive  soils  have  been  for  soma  time 
covered  with  wood,  their  quality  materially  improves.  Id 
the  intervals  of  the  open  forest,  they  will  produce  a  valu- 
able herbage— or  when  cleared  of  trees  they  may  for 
some  time  be  made  to  yield  profitable  crops  of  com. 

This  fact  has  been  observed  in  almost  every  couDtry  of 
Europe,  but  the  most  precise  observations  upon  the  sab- 
ject  with  which  I  am  acquainted  are  those  which  hxn 
been  made  in  the  extensive  plantations  of  the  late  Dake 
of  Athol.  These  plantations  consist  chiefly  of  white 
larch,  {Larix  Europaa)  and  grow  upon  a  poor  hilly  soil, 
resting  on  gneiss,  micatslate,  and  clay-slate  (Part  11^  pp> 
371,  372).  In  six  or  seven  years  the  lower  braachei 
spread  out,  become  interlaced,  and  completely  overshadow 
the  ground.  Nothing,  therefore,  grows  upon  it  till  the 
trees  are  24  years  old,  when  the  spines  of  the  \ovf& 
branches,  beginning  to  fall,  the  first  considerable  thbniog 
takes  place.  Air  and  light  being  thus  re-admitted,  grasses 
(chiefly  hohus  moUie  and  Umatue)  spring  up,  and  a  fioA 
sward  is  gradually  produced.  The  ground,  which  pre- 
▼iously  was  worth  only  9d.  or  is.  per  acre  as  a  sheep  pas- 
ture, at  the  end  of  30  years  becomes  worth  from  7s.  to  10s. 
per  acre. 

The  soil  on  this  part  of  the  Duke's  estate  is  especially 
propitious  to  the  larch-Hind,  therefore,  this  tree  both 
thrives  best  and  in  the  greatest  degree  improves  the  soil. 
Thus  in  oak  copses,  cut  every  24  years,  the  soil  becomes 
worth  only  5s.  or  6s.  per  acre,  and  this  during  the  last  six 
years  only.  Under  an  ash  plantation,  the  improvement 
amounts  to  Ss.  or  3s.  per  acre ;  under  Scotch  fir,  it  dues 
not  exceed  6d.  an  acre— ^while  under  spruce  and  beech 
the  land  is  worth  less  than  before.* 

The  main  cause  of  this  improvement,  as  of  that  which 
is  produced  by  laying  down  to  grass,  is  to  be  found  in  the 
natural  manuring  with  recent  vegetable  matter,  to  which 
the  soil  year  by  year  is  so  long  subjected.     Trees  differ 

*  Hr.  Stephen!  in  the  Trantactioiu  of  ike  lEMtmd  SodUy,  iL,  p.  189; 
alto  XiOiidoji's  Ejtcyolcp^dia  of  AgricuUmr,  p.  1M6. 
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from  grasfiOB  only  in  thisi  that  while  the  latter  enrich  the 
soil  both  by  their  roots  and  by  their  leaves,  the  former  ma- 
nure its  surface  only  by  the  leaves  which  they  shed. 

The  leaves  of  trees,  like  those  of  the  grasses,  contain 
much  inorganic  ^matter,  and  this  when  annually  spread 
upon  the  gpround  slowly  adds  to  the  depth  as  well  as  to  the 
richness  of  the  soil.  Thus  the  leaves  of  the  following 
trees,  when  dried  in  the  air,  contain,  respectively  of  inorr 
ganic  matter* ::— . 

APKIL.  .  ACGVST. .  NOTEMBKE. 

percent.'  percent.  percent. 

Oak     .     ;     .    .    —        ...      5    ...    44 

AflA        .       •      •       .      ^?»  ...         0;j"  . 

Beech      ....  -?s  •    •    •  7.    . 

Birch   .....—-  ...  4    . 

Elm     ....    —  ...  11^  . 

Willow    ...    —  ...  8i  . 

White  I.arch    .       6  J.  .    .    .  —  . 

Scotch  Fir    .    .    -^.  ...  If  . 

In  looking  at  the  dlficr£nces  among  these  numbers-— 
especially  in  the  case  of  the  elm  and  of  the  Scotch  fir- 
one  would,  naturally  suppose  that  the  diversity,  of  their 
effects  in  improving  the  land  i^  in  son^e  measure  to  be 
ascribed  to  .the  quantity  and.  kind  of  the  inorganic  matter 
which  the  leaves  of  these  several  trees  contain.  And  to 
this  cause,  no  doubt,  some  efifect  is  to  .be  ascribed  in  locali- 
ties whcr%  afl  the  trees  thrive  equally. 

But  upon  the  quantity  of  leaves  produced,  as  much  in 
general  will  depei^d,  as  upon. the  relative  proportions  of 
organic  and  inorganic  matter  which  these  leaves  may  re* 
spectively  contain*.  And  as  the  quaptity  of  leaves  is  al- 
ways greatest  where  the  tree  flourishes  best  or  finds  a 
ipost  propitious  soil— rthe  improvement,  of  the  soil  itself, 
by  any  particular  tree,  will  be  always  in. a  great  measure 
determined  by  its  fitness  to  promote  the  growth  of  that 
kind  of  tree. 

On  the  soil  planted  by  the  Duke  of  Athol,  the  larch  shot 
up  luxuriantly,  while  the  Scotch  fir  lingered  and  lanr 
guished  in  its  growth.  Thus  the  quantity  of  leaves  pro* 
duced  and  annually  shed  by  the  former  was  vastly  greater 

*  Spreogel,  Ctoiw/br  tMndmHke^  ii.,  fMMim. 
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than  by  the  latter  tree.  Had  the  Scotch  fir  thnven  better 
than  the  larch,  the  reverse  might  have  been  the  case,  and 
the  yaloe  of  the  soil  might  have  been  increased  in  a  greater 
proportion  by  plantations  of  the  former  tree. 

Other  special  circumstances  also  will  account  for  the 
relattve  degrees  of  improvement  produced  by  the  larch 
and  by  some  of  the  otner  trees — for  example,  the  oak. 
In  the  oak  copse  the  soil  in  16  years  became  worth  6s.  or 
8s.  an  acre,  if,  therefore,  instead  of  being  cut  down  for 
their  bark  at  the  end  of  24  years,  the  trees  had  been  al- 
lowed to  grow  up.  into  an  oak  fi^rest,  the  permanent  im- 
provement of  the  pasture,  even  on  this  soil,  would  proba- 
bly have  been,  at  least  as  great  as  under  the  larch.  The 
above  experiments,  therefore,  are  in  reality  not  so  decisive 
in  regara  to  the  relative  improving  power  of  the  seversl 
species  of  trees  as  they  at  first  sight  appear.  The  most 
rational  natural  rule  by  which  our  practice  should  be 
guided  seems  to  be  contained  in  these  three  propositioos— 

l^'.  That  the  soil  will  be  most  improved  oy  those  trees 
which  thrive  best  upon  it. 

2^.  Among  those  which  thrive  equally,  by  such  as  yield 
the  largest  produce  of  leaves,  and— 

2p.  Among  such  as  yield  an.  equal  weight  of  leaves,  bj 
those  whose  leaves  contain  the  largest  proportion  of  inoi^ 
ganic  matter — which  bring  up  from  beneath,  that  is,  and 
spread  over  the  surface  in  largest  quantity,  the  materiab 
of  a  fertile  solL 

The  mode  in  which  the  lower  branches  of  the  larch 
spread  out  and  overshadow  the  surface  is  not  without  its 
influence  upon  the  ultimate  improvement  which  the  soil 
exhibits.  All  vegetation  being  prevented,  the  land,  be« 
sides  receiving  a  yearly  manure  of  vegetable  mould,  is 
made  to  lie  for  upwards  of  20-  years  in  uninterrupted  na- 
ked fallow.  It  is  sheltered  also  from  the  beating  of  the 
run  drops,  which  descend  slowly  and  gently  upon  it, 
bearing  principles  of  fertility  instead  of  washing  out  the 
valuable  saline  substances  it  may  contain. 

Beneath  the  overshadowing  branches  of  a  forest,  the  soil 
10  also  protected  from*  the  wind,  and  to  this  protection 
Sprengel  attributes  moob  of  that  rapid  improvement  so 
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generally  experienced  where  lands  are  cohered  with  wood. 
The  winds  hear  along  particles  of  earthy  matter*  which 
they  deposit  again  in  the  still  forests ;  and  thus  gradually 
form  a  soil  even  on  the  most  naked  places.  This  slow 
general  cause  of  accumulation  may  not  he  without  its 
effect,  and  should  not  he  forgotten,  hut  it  evidently  affords 
no  explanation  why,  in  the  same  range  of  country,  the 
soil  which  is  covered  hy  forests  of  one  kind  should  im- 
prove more  rapidly,  than  those  which  are  sheltered  hy 
trees  of  nother  species. 

§  9.  Of  the  tise  of  seorweti  as  a  manure. 

Among  green  manures  of  great  value  and  extensive  ap- 
plication there  remains  to  he  noticed  the  sea-weed  or  sea- 
ware  of  our  coasts.  The  marine  plants  of  which  it  consists 
differ  from  the  green  vegetahles  grown  upon  land, — 

1^,  By  the  greater  rapidity  with  which  they  undergo 
decay.  When  laid  as  top-dressings  upon  the  land  they 
melt  down,  as  it  were,  ana  in  a  short  time  almost  entirely 
disappear.  Mixed  with  soil  into  a  compost  or  with  quick- 
lime, they  speedily  crumhle  down  into  a  hlack  earth,  in 
which  little  or  no  trace  of  the  plant  can  he  perceived. 

2^^.  By  the  greater  proportion  of  saline  or  other  inor- 
ganic matter  with  these  plants,  in  their  dry  state,  contain. 
It  is  these  suhstances  which  are  ohtained  in  the  form  of 
kelp  when. dry  sea- weeds  are  humed  in  the  air. 

We  have  seen  (Part  II;,  p.  323,)  that  the  quantity  of  ash  left 
hy  1000  Ihs.  of  our  more  usually  cultivated  grasses,  in  the 
dr]f  state,  varies  from  5  to  nearly  10  per  cent,  but  the 
fkcui  vesiculosust  which  is  reckoned  the  most  valuable  for 
the  manufacture  of  kelp,  gives  upwards  of  160j  Ihs* 
of  ash  from  lOOOlbs.  of  the  ary  plant.  This  ash,  accord- 
ing to  Fagerstrom,  consists  of— * 

Um. 
Gypsum         -        -  -  -  -  63-4 

Carbonate  of  Lime  ...  34*1  < 

Iodide  of  Sodium    -  -  -.  -.  2'7 

Other  Salts  of  Soda  -  -  -  29-9 

Silica,  Oxide  of  Iron,  .and  earthy  Phosphates  SI'l 

laitt 

*  S«e  note  Part  m.,  p.  193. 

t  Btn«liu$  Ar$btrimd§e,  1884,.p.  8S5.  If  we  conpere  the  oonpontioa  of. 
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This  ash  contains  less  potash,  but  more  soda  and  gyp* 
sum,  than  those  of  the  grasses  (Part  II.,  p.  323,)  and  hence, 
as  you  will  readily  understand,  maybe  expected  to  exerdse 
a  somewhat  different  influence  upon  vegetation. 

It  is  of  importance,  however,  to  bear  in  mind  that  tbe 
saline  and  other  inorganic  matters  which  are  contained  ia 
the  sea* weed  we  lay  upon  our  fields,  form  a  pantive  a<^* 
tion  to  the  land.  If  we  plough  in  a  green  crop  where  u 
grew,  we  restore  to  the  soil  the  same  saline  matter  only 
which  the  plants  have  already  taken  from  it  during  tbeir 
growth,  while  the  addition  of  sea-we^d  imparts  to  it  an 
entirely  new  supply.  It  brings  back  from  the  sea  a  por- 
tion of  that  which  the  rivers  are  constantly  carrying  into 
it,  and  is  thus  valuable  in  restoring,  in  sonae  measure, 
what  rains  and  crops  are  constantly  removing  from  the 
land. 

Sea-weed  is  collected  along  most  of  our  rocky  coasts— 
and  is  seldom  neg1e;cted  by  the  farmers  on  the  borders  of 
the  sea.  In  the  Isle  of  Th'anet,  it  is  soipetizpes  cast  ashore 
by  one  tide  and  carried  off  by  the  next ; — so  that  after  a 
storm  the  teams  of  the  farmers  may  be  seen  at  work  eveii 
during  the  night  in  collecting  the  weed,  and  carrying  it 
beyond  the  reach  of  the  sea.^  In  that  locality,  it  is  said 
to  have  doubled  or  tripled  the  produce  of  the  land.  Oo 
the  Lothian  coasts,  a,  right  of  way  to  the  sea  for  the  col- 

ihiiasb  with  that  of  the  several  varietiejio(ibe2p,giv/eD  iiiPaitI]I.,p.82,it«ia 
be  seen  to  dlflfer  from  them  verr  conflideFabl]^  JBut  kelp,  ia  always  nwnii- 
factnred  from  a  mixture  of  tliflerent  plants  In  varying '  propoitioD^  ts^ 
bence  one  cause  of  th/B  diversity  of  con&positiea  amdog  difiereiit  aampln 
of  this  substance. 

Sprepgel  states  (LeAre  eoin  Dunger.  p.  277,)  that  the  fucu$'r>esicuhf*> 
contains  onlj;  16  per  cent  of  water.  1  do  no^  know  whether  this  is  the  it- 
suit  of  experiments  of  Us  own,  but  I  have  not  introduced  it  into  the  tett, 
because  it  appears  to  me  inconsistent  with  the  remarkablemanner  in  whicb 
sea-weed  shrivels  up  when  dried,  and  with  its  little  permanence  as  a  ns- 
nure.  **  If  an  acre  .oi  land  is  completely  covered  with  it,  after  a  few  days 
of  dry  weather,  the  whole  would  not  weigh  560  lbs.  The  fibroot  parts  re- 
duced to  mere  threads  alone  remain^-so  that  if  iM  like  mamtrimg^  katd  vitk 
oo6we6s."  (Dr.  Walker.)  This  would  seem  to  imply  the  presence  of  s 
larger  quantity  of  water  in  fresh  sea-weed  than  in  ^een  graas,  and  coose- 
quently  a  less  efficacy  as  a  manure  when  applied  m  equal  weights.  Ac- 
cording to  Boussmgault,  the  ^^tau  digUatiu  contains  40  per  cent,  of  water, 
and  the  Jueus  saockarinus  76  per  cent,  when  newly  taken  from  the  aea^  vad 
40  per  cent,  after  being  dried  in  the  air. 

*  British  Ihubandry,  U.,  p.  418. 
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lection  of  sea-waro  increases  the  value  of  the  land  from 
25s.  to  308.  an  acre.*  In  the  Western  Isles  it  is  exten- 
siTely  collected  and  employed  as  a  manuret — and  on  the 
North-east  coast  of  Ireland,  the  farming  fishermen  go  out 
in  their  boats  and  hook  it  up  from  considerable  depths  in 
the  8ea.| 

It  is  applied  either  immediately  as  a  top-dressing,  espe- 
cially to  grass  lands-^or  it  is  previously  made  into  a  com- 
post with  earth,  with  lime,  or  with  shell-sand.  Thus  mixed 
with  lime,  it  has  been  used  with  advantage  as  a  top  dress- 
ing for  the  young  wheat  crop,§  and  with  shell-sand,  it  is 
the  general  manure  for  the  potato  crop  among  the 
Western  islanders.!!  It  may  also  be  mixed  with  farm-yard 
manure  or  even  with  peat  moss,  both  of  which  it  brings 
into  a  more  rapid  fermentation.  In  some  of  the  Western 
Isles,  and  in  Jersey,  it  is  burned  to  a  light,  more  or  less 
coaly  powder,  and  in  this  form  is  applied  successfully  as 
a  top-dressing  to  various  crops.  There  is  no  reason  to 
doubt  that  the  most  economical  method  is  to  make  it  into 
a  compost  with  absorbent  earth  and  lime,  or  to  plough  it 
in  at  once  in  the  fresh  state. 

In  the  Western  Islands  one  cart  load  of  farm-yard  ma- 
nure is  considered  equal  in  immediate  effect — upon  the 
first  crop,  that  is — to  2^  of  fresh  sea- weed  or  to  1)^  after 
it  has  stood  two  months  in  a  heap.  The  sea-weed,  how- 
ever, rarely  exhibits  any  considerable  action  upon  the 
second  crop. 

Sea-weed  is  said  to  be  less  suited  to  clay  soils,  while 
barren  sand  has  been  brought  into  the  state  of  a  fine  loam 
by  the  constant  application  of  sea-weed  alone,  for  a  long 
series  of  years.^ 

Conflicting  opinions  are  given  by  different  practical 
men,  in  regard  to  the  crops  to  which  it  is  best  suited.  But 

*  Kerr't  Benoickikire,  p.  377. 

t  **  8ea-we«d8  oonititute  one^half  of  Hebrideaa  manuret,  and  nine- 
tenths  of  thoae  of  the  remoter  lalandi.**— Maodondd*!  Agriculture  of  the 
Hebrt(2eff,p.401. 

t  Mn.  Heiri  Ir^and. 

%  BriHsk  HuMbandry,  n.,  p.  419. 

II  Tnn$actumtof  dUlEMand Scdehf,  184243,  p.  766. 

V  Meodonsld's  lUbridi^  p.  407. 
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the  explanation  of  most  of  these  and  similar  discordances 
is  to  be  found  in  the  answers  to  the  three  following  ques- 
tions — what  substances  does  the  crop  specially  require  1 
—-how  many  of  these  abound  in  the  soil  1 — can  the  ma- 
nure we  are  about  to  use  supply  all  or  any  of  the  remain- 
der i  If  it  can,  it  may  be  expected  to  do  good.  Thus 
simply  and  closely  are  the  kind  of  crop,  the  kind  of  soil, 
and  the  kind  of  manure,  iu  most  cases,  connected  to- 
gether. 

§  10.  Of  manuring  with  dry  vegetable  substances. 

The  main  general  difference  between  vegetable  matter 
of  the  same  kind,  and  cut  at  the  same  age,  vriieu  applied  as 
a  manure  in  the  green  and  in  the  dry  state,  consists  in 
this — that  in  the  former  it  decomposes  more  rapidly,  and, 
therefore,  acts  more  speedily.  The  total  effect  upon 
vegetation  will  probably  in  either  case  be  very  nearly  the 
same. 

But  if  the  dry  vegetable  matter  have  been  cut  at  a 
more  advanced  age  of  the  plant  or  have  been  exposed  to 
the  vicissitudes  of  the  weather  while  drying,  it  will  no 
longer  exhibit  an  equal  efficacy.     A  ton  of  dry  straw^  when 
unripe,  will  manure  more  richly  than  a  ton  of  the  same  Htomb 
in  its  ripe  state^^not  only  because  the  sap  of  the  g^reen 
plant  contains  the  materials  from  which  the  substance  of 
the  grain  is  afterwards  formed — ^but,  because,  as  the  plant 
ripens,  the  stem  restores  to  the  soil  a  portion  of  the  saline, 
especially  of  the  alcaline,  matter  it  previously  contained 
(Part  II.,  p.  329).    Afler  it  is  cut,  also,  every  shower  of 
rain  that  falls  upon  the  sheaves  of  corn  or  upon  the   new 
hay,  washes  out  some  of  the  saline  substances  which  are 
lodged  in  its  pores,  and  thus  diminishes  its  value  as  a 
fertiliser  of  the  land.     These  facts  place  in  a  still  stronger 
light  the  advantages  which  necessarily  follow  from   the 
use  of  vegetable  matter  in  the  recent  state*  for  manuring 
the  soil. 

l^.  Dry  straw. — It  is  in  the  form  of  straw  that  dry  vege- 
table matter  is  most  abundantly  employed  as  a  maiMire. 
It  is  only,  however,  when  already  in  the  ground  in  the 
state  of  stubble,  that  it  is  usually  ploughed  in  withoat 
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some  preyious  preparation.  When  buried  in  tbe  soil  in 
the  dry  state,  it  decomposes  slowly,  and  produces  a  less 
sensible  effect  upon  the  succeeding  crop ;  it  is  usually  fer- 
mented, therefore,  more  or  less  completely,  by  an  admix- 
ture of  animal  manure  in  the  farm-yard  before  it  is  laid 
upon  the  land.  During  this  fermentation  a  certain  una- 
voidable loss  of  organic,  and  generally  a  large  loss  of 
saline  matter  also  takes  place.*  It  is,  therefore,  theoreti- 
cally true  of  dry,  as  it  is  of  green,  vegetable  matter,  that 
it  will  add  most  to  the  soil,  if  it  be  ploughed  in  without 
any  previous  preparation. 

Vet  this  is  not  the  only  consideration  by  which  the  prac* 
Ucal  man  must  be  glided.  Instead  of  a  slow  and  pro- 
longed action  upon  his  crops,  he  may  require  an  immediate 
and  more  powerful  action  for  a  shorter  time,  and  to  obtain 
this  he  may  be  justified  in  fermenting  his  straw  with  the 
certainty  even  of  an  unavoidable  loss.  Thus  the  disputed 
use  of  ihorteuid  long  dung  becomes  altogether  a  question 
of  expediency  or  of  practical  economy.  But  to  this  point 
I  shall  again  recur  when  treating  of  farm-yard  manure  in 
the  succeeding  lecture. 

2<=>.  Chaff  partakes  of  the  nature  of  straw,  but  it  de- 
composes more  slowly  when  buried  in  the  soil  in  the  dry 
state.  It  is  also  difficult  to  brine  into  a  state  of  fermenta- 
tion, even  when  mixed  with  the  liquid  manure  of  the  farm- 
yard. 

30.  Rape-dust — When  rape  seed  is  exhausted  of  its  oil, 
it  comes  from  the  press  in  the  form  of  hard  (rape)  cakes, 
which,  when  crushed  to  powder,  form  the  rape-dust  of 
late  years  so  extensively  employed  as  a  manure.  It  is  oc- 
casionally mixed  with  farm-yard  dung,  and  applied  to  the 
turnip  crop,  but  its  principal  employment  has  hitherto 
been,  I  believe,  as  a  top-dressing  for  the  wheat  crop, 
either  harrowed  in  with  the  seed  in  October  or  applied  to 
the  young  corn  in  spring. 

Rape-dust  requires  moisture  to  bring  out  its  full  fertil- 
izing virtues ;  hence  it  is  chiefly  adapted  to  clay  soils  or 
to  such  as  rest  upon  a  stiff  subsoil.    It  is  seldom  applied, 

*  8«e  in  the  iiicc«e<&ig  lecture  the  section  upon  wdsed  wMmcHaiid  wfie- 
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therefore,  to  the  barley  crop,  and  even  upon  wheat  it  will 
fail  to  produce  any  decidedly  good  effect  in  a  Terj  diy 
season.  Several  interesting  circumstances  hare  been  ex- 
perimentally ascertained  in  regard  to  the  action  of  rape- 
dust,  to  which  it  is  proper  to  advert : — 

a.  That  in  very  dry  seasons  it  may  produce  little  benefit 
upon  turnips,  potatoes,  and  other  crops,  while  in  the  same 
circumstances  the  effect  of  guano  may  be  strikingly  bene- 
ficial. Thus  in  one  experiment,  made  in  1842,  upon  un- 
manured  land  sown  with  turnips — 

16  cwt  of  rape-dust  gave  Sf  tons  of  bulbs  per  acre. 
2  cwt  of  guano  gave       5  do. 

Unmanured  gave       -       3^  do. 

And  in  another,  in  the  same  season,  upon  unmanared 
land— 

1  ton  of  rape-dust  gave  14i  tons  of  bulbs  per  acre. 

3  cwt.  of  gnano  gave      23|  do. 

Unmanured  gave     -     12|*  do.    ^ 

Again,  upon  potatoes,  planted  without  other  manure,  in 
3  experiments  the  produce  per  acre,  in  tans,  was  as  fol- 
lows :— 

1  toa  3  cwt.  4c«t, 

UamaBured.       npe-dutt  gvaao.  V"*" 

White  Don  Potatoes  —  -  -  12^1  -  .  184  -  -  - 
Red  Don  Potatoes  -  .  6f  .  -  10  -  .  —  .  -  14^ 
Connaught  Cups 5}--    13       ..      —         -.13} 

In  none  of  the  above  experiments  did  the  action  of  tbe 
large  quantity  of  rape-dust  equal  that  of  the  comparatively 
small  quantity  of  guano — though,  from  being  buried  in  the 
soil,  tbe  difference  was  less  striking  in  the  case  of  tbe  po* 
tato  crops. 

b.  Rape-dust  may  actually  cause  the  crop  to  be  less  than 
the  land  alone  would  naturally  produce — if  in  a  dry  sea- 
son it  be  laid  on  in  any  considerable  quantity. 

Thus  in  1842,  in  an  experiment  upon  OaU,  made  at 
Lennox  Love— 

16  cwt  of  rape-dust  gave  45  bushels. 
2  cwt.  of  guano  gave  -    68    da 
Unmanured  soil  gave     -    49    do< 

*  Sw  Appendix* 
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In  this  properly  of  injariDg  the  crop,  when  rain  doe* 
not  happen  to  fall,  rape-dust  resembles  very  much  those 
•aline  substances  which,  as  we  have  seen,  may  often  be 
applied  with  nHJch  advantage  to  the  land. 

c.  Yet  it  would  appear  to  exercise  less  of  this  evil  influ- 
ence upon  wheat  and  beans,  eren  in  similar  circumstance*. 
Thus  in  the  same  season,  1842,  and  in  the  same  locality, 
Lennox  Love,  a  crop  of  wheat,  with — 

16  cwL  of  rape-dost  gave  51  bashels  per  acre. 
2  cwt  of  ffuano  gave  •>    48  do. 

Unmanu  red  gave     -    -    47}  da 

And  a  crop  of  beans,  with — 

16  cwt.  of  rape-dust  gave  38  bushels. 
2  cwt.  of  ffuano  gave  -    35}    do. 
Unmauured  gave      -    -    80     do. 

In  both  of  these  cases,  notwithstanding  the  drought,  the 
rape-dust  improved  the  crop,  and  though  not  sufficiently 
so  to  pay  the  cost  of  the  application,  yet  to  a  greater  ex- 
tent than  the  same  quantity  of  guano.  It  is  deserving  of 
investigation,  therefore,  whether  rape-dust  be  more  espe- 
cially adapted  to  wheat  and  beans.  Even  in  favouraUe 
seasons  it  may  possibly  prove  more  economical  than  guano 
as  a  manure  for  these  two  crops.* 

d.  But  even  in  favourable  seasons,  and  to  the  wheat 
crop,  there  is  reason  to  believe  that  rape-dust  cannot  be 
economically  applied  in  more  than  a  certain,  perhaps  varia- 
ble, quantity  per  acre.  Thus  four  equal  plots  oi  groimd 
(nearly  half  an  acre  each),  sown  with  wheat,  were  top- 
dressed  with  rape-dust  in  different  proportions  with  the 
following  results : — 

With    7  cwt  the  produce  was  26  bushels  of  market  com.  * 
With  10  cwt  the  produce  was  28  do. 

With  15  cwt.  the  produce  was  29}  do. 

With  26  cwt  the  produce  was  27|  do. 

Unroanured  the  produce  was     22|t  do. 

In  thb  experiment  not  only  was  the  crop  diminiriMd 
when  more  than  15  cwt  was  added,  bnt  ikevtenatedft^ 

t  JEbi(^ilM6awfc7,IL,p.41S. 
FAST  nL  18 
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iMce  ufos  not  m^fficietU  to  defroff  the  addUianul  eott  rftkt 
4ipplicaiiOJ^  when  mare  than  7  ctoL  qf  rape*dM9t  wupUmL 

e.  It  may  be  noticed  as  another  curioas  fact,  tbat  tbe 
action  of  rape-duat  is  dependant  upon  the  presence  (s 
absence  of  certain  other  substances  in  the  soil.  Common 
salt  and  sulphate  of  soda,  when  mixed  with  it  under  cer- 
tain circumstances,  lessen  the  effect  which  it  would  pro- 
duce alone,  and  tbe  same  will  probably  happen  when  its 
applied,  without  admixture,  to  soik  in  which  these  saliM 
compounds  happen  to  be  already  present.  Some  remarin 
upon  this  interesting  point  will  be  found  in  the  Appendix. 

4^.  Lintseedt  poppy-seed,  cotton-seed,  and  eocoa-mtt  eaket. 
-—The  cake  which  is  left  when  other  oils  are  extracted 
from  the  seeds  or  fruits  in  which  they  exist  is  also,  in 
almost  every  case,  useful  as  a  manure.  Thus  the  seeds  of 
the  cotton  plant  yield  an  oil  and  leave  a  cake  which  isoov 
used  as  a  manure  in  the  United  States,  though  little  knowB 
as  yet,  I  believe,  in  this  country.  The  cocoa-nut  (xke  is 
employed  in  Southern  India  partly  in  feeding  cattle  mi 
partly  as  a  manure  for  the  cocoa-nut  tree  itself.  Soms 
trials  have  recently  been  made  with  it  among  oarselTes, 
but  I  am  ]B;norant  of  the  precise  results.  In  this  couotrj 
lintseed  cake  is  made  in  large  quantity,  but  as  it  is  relisli€<I 
by  cattle,  is  fattening,  and  enriches  the  droppings  of  tbe 
9tock  fed  upon  it,  it  is  seldom  applied  directly  to  tbe  lan^- 
In  France  and  some  parts  of  £el^ium,  where  the  popPJ 
is  largely  cultivated  for  the  oil  yielded  by  its  seeds,  tbe 
cake  which  these  seeds  leave  is  highly  esteemed  as  a  di- 
nure. 

5o.  Malt'dutt. — When  barley  is  made  to  sprout  by  tbe 
maltster,  and  is  afterwards  dried,  the  small  shoots  td 
rootlets  drop  off,  and  form  the  substance  known  by  tbe 
name  of  malt-dust.  One  hundred  bushels  of  barley  yiel^ 
4  or  5  bushels  of  this  dust.  It  is  sold  at  the  rate  of  frov 
5s.  to  8s.  a  quarter,  and  has  been  applied  with  success  ti 
a  top-dressing  to  the  barley  and  wheat  crops.  It  may  also 
be  drilled  in  vrith  turnips  or  dusted  over  the  young  gtM* 
in  spring. 

6<^.  SaiC'dust  is  usually  rejected  by  the  agriculturist,  io 


e^ 
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eoBseqoence  of  tiie  difficulty  which  ia  generally  experi- 
enced in  bringing  it  into  a  state  of  fermentation.  It  de- 
composes slowly  when  ploughed  into  the  soil  in  its  dry 
state,  but  it  nevertheless  gradually  benefits  the  land,  and 
should  not,  therefore,  be  permitted  in  any  case  to  run  to 
waste.  It  forms  an  excellent  absorbent  also  for  liquid  ma- 
nures of  any  kind,  which  it  preserves  from  sinking  too 
rapidly  when  they  are  to  be  applied  to  porous,  sandy,  or 
chalky  soils,  while  these  liquids  again  hasten  the  decom- 
position of  the  saw-dust  and  augment  its  immediate  effect 
upon  the  land.  In  localities  favourable  tor  the  collection 
of  sea-weed;  it  may  also  be  more  rapidly  fermented  by  an 
admixture  with  this  substance.  Saw-dust  forms  an  ingre- 
dient in  some  of  the  mixed  manures  which  have  recently 
come  into  use  (see  Appendix.) 

7^.  DPy  leaves  may  either  be  dug  into  the  land  at  once, 
or  may  be  laid  up  in  heaps,  when  they  will  gradually  de- 
cay, and  form,  in  most  cases,  an  enriching  manure.  They 
gradually  improve  the  soil  (as  we  have  already  seen,  Part 
III.,  p.  197)  on  which  they  annually  fall,  but  the  same 
quantity  of  leaves  will  do  more  good  if  collected  and  im- 
mediately dug  in,  or  if  made  into  a  compost  heap,  than  if 
left  to  undergo  a  slow  natural  decay  on  the  surface  of  the 
land, 

$  12.  OfiktU9tof  decayed  vegetable  nuUUr  ae  a  fnanure. 

The  most  abundant  forms  of  partially  decayed  vegetable 
matter  which  come  within  the  reach  of  the  practical  farmer, 
are  peat  and  tanner's  bark. 

1^.  Pea/.— oTo  soils  which  are  deficient  in  vegetable 
matter,  it  is  clear  that  a  judicious  admixture  of  peat  must 
prove  advantageous,  because  it  will  supply  some  at  least 
of  those  substances  which  are  necessary  to  the  production' 
of  a  higher  degree  of  fertility.  But  peat  decays  very 
slowly  in  the  air,  and  hence  its  apparent  effect  when 
mixed  with  the  soil  is  very  small.  It  may  gradually  ame-' 
liorate  its  quality  especially  if  the  soil  be  calcareous,  but 
it  will  not  immediately  prepare  the  land  for  the  growth  of 
any  particular  crop.  But  if  the  obstacles  to  its  further 
decomposition  be  removed— 'that  is,  if  by  artificial  means 
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its  decay  be  promoted -<^ben  its  immediate  and  appareot 
effect  upon  the  soil  is  iocreased,  and  it  becomes  an  ac- 
knowledged fertilizing  manure.  Different  methods  hare 
been  successfully  practised  for  bringing  it  into  this  more 
rapid  state  of  decay  or  fermentation. 

a.  The  half-dried  peat  may  be  mixed  with  from  one- 
fourth  to  one-half  of  its  weight  of  fermenting  farm-yard 
manure — the  whole  heap  being  carefully  covered  OTer 
with  a  layer  of  peat  to  prevent  the  escape  of  fertilizing 
vapours.  By  this  method — first  introduced  to  public  no- 
tice by  the  late  Lord  Meadowbank— the  entire  mixture  is 
gradually  brought  into  an  equable  state  of  heat  and  fer- 
mentation, and  as  a  manure  for  the  turnip  crop,  is  said  to 
be  as  efficacious  as  an  equal  weight  or  unmixed  fann- 
yard  manure. 

h.  Or  the  liquid  manure  of  the  farm-yard  may  be  em- 
ployed for  the  same  purposoi  either  in  whole  or  in  pan. 
If  the  heap  of  mixed  peat  and  dung  be  watered  occasion- 
ally with  the  liquid  manure,  the  fermentation  will  be  mors 
speedily,  effected,  and  at  a  less  expense  of  common  farm- 
yard dung.  Or  the  half-dried  peat  may  be  used  unmixed, 
as  an  absorbent  for  the  liquid  of  the  farm -yard,  by  wfatcii« 
without  other  aid,  it  will  be  brought  into  a  state  of  fer> 
mentation  with  comparative  rapidity. 

c.  Or  instead  of  the  liquid  manure,  the  ammoniacal  li- 
quor of  the  gas-works  may  be  employed,  with  less  promi- 
nent benefit  certainly,  but  still  with  great  advantage. 

d.  Or  the  peat  may  be  mixed  with  from  one-sixth  to 
one-fourth  of  its  bulk  of  fresh  sea-weed,  the  rapid  decay 
of  which  will  gradually  reduce  the  entire  heap  into  a  fer- 
tilizinff  mass.** 

e.  Or  rape-dust  in  the  proportion  of  1  ton  to  30  cuInc 
yards  may  be  mixed  with  the  half-dried  peat  from  tmro  to 
six  weeks  before  the  time  of  sowing  the  turnip  crop.  Tbe 
fermentation  of  the  rape-dust  takes  place  so  quickly,  that 
this  short  time  is  usually  sufficient  to  convert  the  airhole 
into  a  uniform  and  rapidly  decaying  mass. 

In  short  it  is  only  necessary  to  mix  haLf-iiriei  peat  with 

*BH(liikHiM&OT4ry,  a,  p.  417. 
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any  substance  which  undergoes  rapid  spontaneous  decom- 
position— when  it  will  more  or  less  speedily  become  in- 
fected with  the  same  tendency  to  decay,  and  will  thus  be 
rendered  capable  of  ministering  to  the  growth  of  cultiva- 
ted plants.  ^ 

20.  TamaMT^n  hark  is  still  more  difficult  to  reduce  or  to 
bring  into  a  rapid  state  of  decomposition.  Any  of  the 
methods  above  recommended  for  peat,  however,  will  to  a 
certain  extent  succeed  also  with  the  spent  bark  of  the  tan 
pits.  But  in  the  case  of  substances  so  solid  and  refractory . 
as  the  lumps  of  bark  are,  the  admixture  of  a  quantity  of 
lime  and  earth,  so  as  to  form  a  compost  heap,  is  perhaps, 
the  most  advisable  mode  of  procedure.  The  way  la  which 
lime  promotes  the  decay  of  woody  fibre  in  such  heaps  baa 
already  been  explained  (see  Part  III.,  p.  130.) 

§  13.   Vie  of  charred  vegetable  matters  as  a  manure. 

Soot  and  charcoal  are  the  principal  substances  of  this 
class  which  have  been  more  or  less  extensively  employed 
for  the  purpose  of  increasing  the  productiveness  of  the 
land. 

1^,  Soot  is  a  complicated  and  variable  mixture  of  sub- 
stances produced  during  the  combustion  of  coal.  Its  com- 
position, and  consequently  its  effects  as  a  manure,  vary 
vritb  the  quality  of  the  coal,  with  the  way  in  which  the 
coal  is  burned,  and  with  the  height  of  the  chimney  in  which 
it  is  collected. 

Soot  has  not  been  analyzed  since  the  year  1826,  when 
a  variety  examined  by  Braconnot  was  found  by  him  to 
consist  in  a  thousand  parts  of 

Ulmic  Acid  1  (a  substance  reBembiing  that  portion  of  the  > 

vegetable  matter  of  the  soil  which  is  Boluble  in  caustic  >  902*0 
potash — see  Part  II.»  p.  406)  .  .  ) 

A  reddish  brown  soluble  substance,  containing  nitrogen,  )  ojOM 

and  yielding  ammonia  when  heated         .  .       ) 

Asboline  ....  5*0 

Carbonate  of  lime,  with  a  trace  of  magnesia  (probably  de-  )  145^ 

rived  in  part  from  the  sides  of  the  chimney)        •       S 
Acetate  of  lime      .  •  66*5 

Sulphate  of  lime  (gypanm)      ....  500 

Acetate  of  magnesia  ....  6*8 

w 
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Phosphate  of  lime*  with  a  trace  of  iron  15D 

Chloride  of  potassium        ....  M 

Acetate  of  potash        .....  41'0 

Acetate  of  ammonia          ....  20 

Silica  (sand)               .....  9^ 

Charcoal  powder                                                 .  ^  386 

Water            ......  12M 

Im 

The  earthy  substBiices  which  the  soot  oomtrat  an 
chiefly  deriveid  from  the  waUs  o£  the  chioineyy  and  from 
tbe  adh  of  the  coal,  part  of  which  is  carried  up  the  chim- 
ney by  the  draught  These,  therefore,  must  be  Tariable, 
being  largest  in  quantity  where  the  draught  is  strongeit 
and  where  the  earthy  matter  or  ash  in  the  coal  if  the 
greatest.  The  quantity  of  grypsum  present  depends  npoa 
the  sulphur  contained  in  the  coal, — ^that  which  is  freest 
from  sulphur  will  give  a  soot  containing  the  least  gypsaos. 
The  ammonia  and  the  soluble  substance  containioff  nitro- 
gen will  vary  with  the  quantity  of  nitrogen  contained  ia 
the  coal  and;  with  certain  other  causes — so  that  the  com- 
position of  different  samples  of  soot  may  be  very  unlike, 
and  their  influence  upon  vegetation  therefore  very  unequal. 
The  consequence  of  this  must  be,  that  the  results  obtained 
in  one  spot,  or  upon  oue  crop,  are  not  to  be  depended 
u|xm,  as  mdicative  of  the  precise  efiect  which  another  spe- 
cimen of  soot  will  produce  in  another  locality,  and  npoa 
another  crop  even  of  the  same  kind.  And  thus  it  hap 
pens^that  the  use  of  soot  is  more  general,  and  is  attended 
with  more  beneficial  effects,  in  some  districts  than  in 
others. 

a.  In  general  it  may  be  assumed  that  where  ammonift 
or  its  salts  will  benefit  the  crop,  soot  also  will  be  of  use, 
and  hence  its  successful  application  to  grass  lands.  From 
its  containing  gypsum  it  should  also  especially  benefit  the 
clover  crops.  Yet  Dr.  Anderson  says,  '*  I  have  used  soot 
aa  a  top-dressing  for  clover,  and  rye-grass  in  all  propor 
tions,  from  one  hundred  bushels  per  acre  to  six  hundred, 
and.  I  cannot  say  that  ever  Lcould  perceive  the  clover  in  the 
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least  degree  more  luxuriant  than  in  the  places  where  no  soot 
had  heen  applied.  But  upon  rye-grass  its  effects  are  ama- 
zing, and  increase  in  proportion  to  ihe  quantity  so  far  as 
my  trials  have  gone."*  And  his  general  conclusion  is,  that 
toot  dou  not  affect  the  growth  qfdoper  in  any  toay^  while  it 
toomdtrfuUy  promotes  that  of  rye-grau.  Will  any.  of  you, 
hy  experiment,  ascertain  if  such,  be  really  the  case  with 
the  soot  of  your  own  neighbourhood  V 

h.  The  presenceof  ammonia  in  soot  causes  it,  when  laid 
in  heaps,  to  destroy  all  the  plants  upon  the  spot ;  and  Dr. 
Anderson  adds  the  interesting  observation,  '*  that  the  fitat 
plant  which  appears  afterwards  is  conetaiUly  the  eommoa, 
couch-grass  {triticufik^repenif,)i 

c.  This  ammonia  also  causes  soot  to  injure  and  diminish 
the  crop  in.  very  dry  seasons.  Thus  the  produce  of  a  crop 
of  beans,  after  oats,  in  184*2,  upon  an 

Unmanured  part  of  the  field  was  ...    29^  bushels. 
Dressed  with  4  bushels  of  soot     -    -    -    28   bushels.! 

It  also  diminished,  in  a  small  degree,  the  potato  crop  in 
the  same  year  in  the  experiments  of  Lord  Blantyre^  at 
Erskine  (See  Appendix^ — 

With  Dianare  alone,  the  produce  was  -  -  -  11  tons  17  cwt. 
With  80  bushels  of  soot  sprinkled  over  the  dung  11  tons  4    cwt 

Like  rape-dust  (Part  III.,  p.  204)  and  saline  substances, 
therefore,  soot  seems  to  require  moist  weather,  or  a  natu- 
rally moist  soil,  to  bring  out  all  its  virtues. 

d.  Yet  even  in  the  dry  season  of  1842,  its  effect  upon 
wheat  and  oats  in  the  same  locality  (Erskine)  was  very 
beneficial.     Thus  the  comparative  produce  of  these  crops, 
when  undressed  and  when  top-dressed  with  10  bushels  of 
soot  per  acre,  was  as  follows ; — 

Unmanured       .    -    -    -    Whcfat  44    -    -    Oats  49* 
Top-dressed  with  soot     -    Wheat  54    -    -    Oats  5& 

But  the  dressed  wheat  was  inferior  in  quality  to  the  un-. 
dressed — the  former  weighing  only  68,  the  latter  62  lbs.  a 
bushel.     In  the  oats  there  was  no  difference.     Are  we  to 
ipfer  from  these  results  that,  even  in  dry  seasons,  soot 

*Dr.  And«rMm*i  J^gfiqv  (6^  180fl!),  fi^  p.  3M.  t]M,p.809^ 
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may  be  safely  applied  to  crops  of  com,  while  to  pulse  sikI 
roots  it  is  sure  to  do  no  good  1  Further  precise  obserra- 
tions,  no  doubt,  are  still  necessary — and  the  more  espe- 
cially as  the  experiments  upon  oats  and  wheat,  made  in 
the  still  drier  locality  of  Lennox  Love  (Appendix),  gare 
a  decrease  in  the  produce  of  ffrain-^while  in  Mr.  Fle- 
ming's experiments  upon  turnips  (Appendix),  50  bush- 
els of  soot,  applied  alone,  gave  an  increase  of  i  tons  in  the 
crop. 

e.  An  experiment  of  Lord  Blantyre's  (Appendix) 
enables  us  to  judge  of  the  efficacy  of  soot  in  a  dry  season, 
compared  with  that  of  nitrate  of  soda  and  of  g^ano  upon 
the  produce  of  hay.  Thus  the  crop  of  hay,  per  imperial 
aere,  from  the 

Coil 
tons.    cwta.  £.  '•     '- 

Undressed  portion,  weired   ....     1        S    .    . 

Dressed  with  40  busbeTs  of  soot  .  .  1  15  .  .  0  11  ^ 
160  lbs.  nitrate  of  soda    .1       19    ..    1  15   9 


■100  lbs.  of  guano    ...    2        2    .    .    1  15   9 
In  this  experiment  the  soot  proved  a  more  profitable 
application  than  either  of  the  other  manures. 

jT,  In  regard  to  tbis  substance,  I  shall  only  advert  to  one 
oilier  observation — but  it  is  an  important  on&— made  bj 
Mr.  Morton,  when  describing  the  management  of  a  well 
conducted  farm  in  Gloucestershire.*  '*  I'he  quantity  of 
soot  used  upon  this  farm  amounts  to  3000  bushels  a  year, 
one-half  of  which  is  applied  to  the  potato,  the  other  half 
to  the  wheat  crop."  All  the  straw  grown  upon  thufiarm 
u  Mold  for  thatch,  and  for  the  last  30  years  the  only  manure 
that  has  been  purchased  to  replace  this  straw  is  the  soot, 
which  is  brought  from  Gloucester,  Bristol,!  and  Chelten- 
ham. Soot  no  doubt  contains  many  things  useful  to  vege- 
tation, yet  where  all  the  produce  is  carried  off,  and  soot 
only  added  in  its  stead — even  the  rich  soils  of  the  vale  of 
Gloucester  cannot  be  expected  to  retain  a  perpetual  fer- 

*  That  of  Mr.  Dimmery,  deecribed  in  the  Journal  of  the  Roytd  Agriad- 
twtH  Society,  !.,  p.  400. 

t  At  Bristol  the  price  of  soot  is  9d.  a  bushel,  at  Gloucester  only  €4.,  jtt 
the  former  is  preferred,  even  at  the  hi^er  price.  It  is  of  better  qnsltfT- 
owing,  it  is  said,  to  the  greater  length  of  the  chimnieB^lt  may  be  aho  to 
tli0  qnalicy  of  the  coal  and  to  the  way  it  is  burned. 
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tility.  The  alow  changes  which  theory  indicates  may  al- 
together escape  the  observation  of  the  practical  man,  who 
makes  no  record  of  the  hutory  of  his  land,  and  yet  may 
be  ever  slowly  proceeding. 

2°.  CAarcoa/.— ^Wood-charcoal,  from  its  porous  nature, 
and  its  tendency  to  absorb  animal  odours  and  other  un- 
pleasant effluvia  (Part  I.,  p.  27),  has  been  found,  when 
reduced  to  fine  powder,  to  be  an  excellent  admixture  for 
night-soil,  for  liquid  manure,  and  for  other  substances 
which  undergo  putrescent  decay.  It  is  therefore  em- 
ployed to  a  considerable  extent  by  the  manufacturers  of 
artificial  manures.  It  is  also  applied  with  advantage  in 
some  cases  as  a  top-dressing  to  various  crops* — its  efficacy 
being  probably  due  in  part  to  its  power  of  absorbing  from 
the  air,  or  of  retaining  in  the  soil,  those  gaseous  substances 
which  plants  require,  and  in  part  to  the  slow  decay  which 
it  is  itself  capable  of  undergoing.  In  moist  charcoal  pow- 
der seeds  are  said  to  germinate  with  great  ease  and  cer- 
tainty. 

30.  CoaUtar, — Another  product  of  coal,  the  tar  of  the 
ffas- works,  has  recently  been  recommended  as  an  admixture 
lor  peat  and  similar  composts,  and  it  is  one  of  the  sub- 
stances with  which  Mr.  Daniel  impregnates  his  saw-dust 
in  the  manufacture  of  his  patent  manure.  It  is  impossible 
to  say  how  much  of  the  good  effect  derired  from  the  use 
of  such  mixtures  as  that  described  in  the  Appendix, 
is  due  to  the  coal-tar  they  contain,— and  as^  no  experi* 
ments  have  hitherto  been  made  from  which  the  true  action 
of  ooal-tar  can  be  inferred,  it  may  still  be  considcfred  as  a 
matter  of  doubt  whether  it  can  at  all  add  directly  to  the 
fertility  of  the  soil. 

§  14.  Of  tlie  theoretical  value  of  diferent  vegetable  euhetaM- 

cee  as  manures. 

Vegetable  manures  are  known  to  differ  in  fertilizing 
virtue.  Thus,  1  ton  of  rape-dust  is  said  to  be  equal  to  16 
of  sea- weed  or  to  30  of  farm-yard  manure.  On  what  prin- 
ciples do  these  unlike  fertilizing  virtues  depend  I 

*  Sm  Mr.  Fleminff's  eiperiment  upon  Swede*  (Appendii),  in  which 
SO  brnheli  of  charoou  powder  increaaed  the  crap  by  3  tone  an  acre. 
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l^'.  According  to  BoaBsingaalt  and  other  French  antho- 
rities,  the  relative  ^icacy  oj  aU  manures  dependt  t^  At 
proportions  of  nitrogen  they  severally  contain.*  And  taking 
farm-yard  manure — conBtsting  of  the  mixed  droppings  ami 
litter  of  cattle — as  a  standard,  they  arrange  vegetable  sab- 
stances  as  manures  in  the  following  order  of  value  :— 

Equal  cfsets  an  pradmid^ 

Farm«yard  manure          -        -  -  1000  lbs. 

Potatoe  and  turnip(l)  .tops       -.  -  750  ** 

Carrot  tops    -        -        ^       >.  ^.  ^0  " 

Natural  grass          ....  -  760  •  • 

Clover  roots   -----  250  •  • 

Fresh  sea- weed       ...  450  to  750  " 

Sea- weed  dried  in  the  air        .  -  300  '  * 


Pea  straw 220 

Wheat  straw  -       .        -.      750  to  1790- 

Oat  straw 1400 

Barley  straw  -  ...  -  1750 
Rye  straw  -  .  .  .  1000  to  2400 
Buck-wheat  straw   .        •        .        -  850 

Wheat  chaff 470 


Firsaw-dust  ....    1700  to  2500  ** 
Oak    do 750  - 

Soot,  from  coal        ....  300  ** 

Lint  and  rape-dust.         «        •>        -  80  " 

Tb»  numbers  in^hisXable  agree  with  the  results  of  eX' 
periment  in  so  far  as  they  indicate  that  green  substancss 
generally,  when  ploughed  in  as  manures,  should  enricb 
the  soil  more  than  an  equal  weight  of  farm^yard  manure— 
that!  the  roots  of  clover,  should  be  more  enriching  still- 
and  that  sea- weed  is  likewise  a  very  valuable  mtnare- 
They  agree  also  with  practical  observation  in  placing  pea. 
and  probably  bean  straw,  &r  above  the  straws  of  wheal. 
oats,  &c.,  in  fertilizing  power,  and  in  representing  soot 
and  rape 'dust  is  more  powerful  than  any.of  the  <>ther  sub- 
stances in  the  tablet  So,  far,  therefore,  a  certain  g^^^ 
reliance  may  be  placed  upon  the  fertilizing  value  of  a  sub- 
stance as  represented  by  the  proportion  of  nitrogen  it 
contains. 

*  Awalei  deOhemieelde  Phyi^  3d  Sttriet,  IH.,  p.  76. 
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But  if  we  bear  in  miod  that  plants,  as  we  have  fre* 
quently  had  occasion  to  mention,  require  inorganic  as  well 
as  organic  food,  it  is  quite  clear  that  the  mere  presence  of 
nitrogen  in  a  substance  is  not  sufficient  to  render  itbighly 
nutritive  to  growing  plants.  Otherwise  the  salts  of  am- 
monia would  be  the  richest  manures  of  all,  and  would  -best 
nourish  and  bring  to. perfection  every  crop  and  in  all  cir- 
cumstances— which  experience  has  proved  to  be  by  no 
means  the  case.     Hence 

2°.  The  value  of  vegetable  substances  as  manures  must 
depend  in  some  degree  upon  the  quantity  and  kind  of  inor- 
ganic matter  they  contain.  In  reference  to  the  quantity  of 
inorganic  matter  which  they  respectively  impart  to  the 
soil,  their  relative  values  are  represented  by  the  following 
numbers : — 


Potato  tops,  green  - 

Turnip  top?,      do.  - 

Carrot  top«,       da  - 

Rye-grass,        da  - 

Vetcn,  do.  - 

Green-sea-weed  do.  - 


Hay 

Pea  straw  - 
Bean  straw 
Wheat  straw 
Oat  straw  - 
Barley  straw 
Rye  straw 

Fir  saw-dost 
Oak  sawodnst 
Soot 
Rape-dust 


One  ton  eoutiiot  of  iaorg aak 
matter  abont 

26  lbs. 
48  •• 
46  •• 
80  •• 
38  • 
22  • 

90tol80  • 
.   100  •• 

0Oto  80  •• 

TOtodOO  •' 
100  to  180  * 
100tol20     ' 

60to   TOT  •• 


6 

6 

500 

120 


This  table  places  the  several  vegetable  stibstances  in  an 
order  of  efficacy  considerably  different  from  the  former,  in 
which  they  are  arranged  according  to  the  quantity  of  nitro* 
gen  they  respectively  contain.  We  knov>  that  wood  ashes 
(Part  111.,  p.  77),  kelp,  and  the  ashes  of  straw  (Part  III., 
p.  84),  do  promote  the  fertility  of  the  land,  and  therefore 
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the  absolute  as  well  as  the  relatiTe  efficacy  of  the'aboTe 
vegetable  substances  must  depend  in  some  degree  upon 
the  quantity  of  inorganic  matter  they  contain.  Bot  we 
should  be  wrong  were  we  to  ascribe  the  total efkct  of  is]f 
of  them  to  the  inorganic  matter  alone. 

3^.  Even  the  carbonaceous  matter  of  plants  contiibota 
its  aid  in  increasing  ibe  produce  of  the  soil  by  supplyingi 
either  directly  or  indirectly,  a  portion  of  the  necessoy 
food  of  plants.  This  has  already  been  shown  in  variooi 
parts  of  the  preceding  lectures. 

It  is  the  property  of  substances  whieh  contain  a  larger 
proportion  of  nitrogen  to  undergo  rapid  decay  in  the  pre- 
sence of  air  and  moisture,  and  thus  to  produce  a  more 
immediate  and  sensible  action  upon  growing  plants.  Bot 
the  carbon  changes  more  slowly,  and  the  inorga Die  matter 
also  separates  slowly  from  decaying  vegetables  in  the  loil 
-—and  hence  the  apparent  effects  of  these  constituents  are 
less  striking.  7%us  ike  immediate  and  vitible  effed  ofiij- 
ferent  vegetable  substances,  in  the  same  state^  is  measureiiy 
the  relative  quantities  of  nitrogen  they  contain — their  fer- 
manent  effects  by  the  relative  quantities  of  inorganic  aildif 
carbonaceous  matters.  In  the  case  of  rape-dust  for  exam- 
ple, the  immediate  effect  is  determined  chiefly  by  itsoitro- 
gen-— the  permanent  effects,  by  the  ash  it  leaves  wbea 
burned,  or  when  caused  to  undei^o  complete  decay  b  the 
air. 


LECTURE  XVni. 

AafaMl  maanrM.  FImAl  blood,  and  ikin.  Wool,«oolI«nragi,lMir,lioin, 
and  bonea.  On  what  doaa  the  fartilisiDg  actkm  of  bonai  depend  7  Ani- 
mal charooal  and  the  reftiae  of  the  soaar  refineries.  Fiah  and  fith  refoae, 
whale  bhibber  and  (nl.  Relative  fmutizing  yalae  of  the  subflCances  pre- 
vionaKy  detcribed.  Pigeon  dang.  Dong  of  sea-fowl— gnano.  liquid 
mnnures — the  urine  of  varions  •nim^ia^  Mixed  animal  and  TO^^etable 
manurea.  ^ight  soil,  the  droppinn  of  the  hone,  the  cow.  the  pig.  Ef> 
fects  of  digestion  upon  vegetable  food.  Why  equal  weigbls  or  vageti^ 
ble  matter  and  of  tne  droppinffs  of  animals  led  upon  it  possess  diffefem 
fertilizing^  powers.  Farm-yard  dang.  Weight  of  dung  produced  from  n 
given  weight  of  grass,  straw,  and  other  produce.  Lms  undergone  by 
Jann-iraid  manore  during  fermentation.  Improvement  of  the  soil  by 
irrigatiioQ. 

Animal  substances  have  always  been  considered  as 
more  fertilizing  to  the  land  than  such  as  are  of  vegetable 
origin.  Their  action  is  in  general  more  immediate  and 
apparent^  and  it  takes  place  within  such  a  limited  period 
of  time  that  the  farmer  can  calculate  upon  its  being  exer- 
cised in  benefitting  the  crop  to  which  it  is  applied.  The 
reason  of  this  more  immediate  action  will  presently  appear. 

§  1.  Of  jUdi^  bloody  and  shin. 

1^.  JTmA.— The  flesh  of  animals  is  not  only  a  rich  map 
nure  in  itself,  but  the  rapidity  with  which  it  undergoes 
decay  in  our  climate  enables  it  speedily  to  briog  other 
organic  substances  with  which  it  may  be  mixed  into  a 
state  of  active  fermentation.  It  is  only  the  flesh  of  such 
dead  animals,  however,  as  are  unfit  for  food  that  can  bo 
economically  applied  to  the  land  as  a  manure. 

The  flesh  of  animals  consists  of  a  lean  part,  called  the 
muscular  fibre,  or  by  chemists  fibrin,  and  ^  fatty  part,  in- 
termixed with  the  lean  in  greater  or  less  proportion,  ac- 
cording to  the  condition  of  the  animah  Of  these  two  it 
is  the  lean  part  which  acts  most  immediately  and  most 
energetically  in  the  promotion  of  vegetation.  Lean  beef, 
in  the  recent  state,  contains  77  per  cent,  of  its  weight  of 
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water,  ao  that  100  lbs.  consist  of  77  lbs.  of  water  and  23 
lbs.  of  dry  animal  matter. 

2^.  Blood. — The  blood  of  animals  is  more  exteoaifely 
employed  as  a  manure.  It  is  carried  off  in  large  qaaoti- 
ties  from  the  slaughter-houses  of  the  butcherSi  and  makes 
rich  and  fertilizing  composts.  In  some  parts  of  Eorope 
it  is  dried 9  and  in  the  state  of  dry  powder  is  applied  wiiii 
much  effect  as  a  top-dressing  to  many  crops. 

Liquid  blood  consists  of  fibrin — the  substance  of  lean 
meat,  of  albumen — ^the  same  as  the  white  of  eggs— of  a 
red  colouring  matter,  and  of  certain  saline  substances  dis^ 
•olyed  in  a  considerable  quantity  of  water.  When  blood 
cools  it  gradually  congeals,  and  separates  into  two  parts, 
a  gelatinous  red  portion,  called  the  doff  and  a  liquid, 
nearly  colourless  part,  called  the  serum.  The  clot  coDtains 
most  of  the  fibrin  and  colouring  matter,  and  a  portion  of 
the  albumen ;  the  serum,  the  greater  part  of  the  albumen 
and  of  the  soluble  saline  substances  which  are  present  in 
the  blood. 

The  relative  composition  of  fresh  muscular  fibre  and  of 
liquid  blood  is  thus  represented  in  100  parts : — 

Wftter.  Dvy  asiBtl  antt«* 

Muscular  fibre    --•77         -•-  23 

Bkod 79         »    .    -  21* 

It  appears  singular  that  the  solid  muscle  of  animak 
should  contain  so  nearly  the  same  quantity  of  water  ai 
their  licjuid  bleod  does. 

^  But  It  is  no  less  striking  that  the  dry  animal  matter 
which  remains,  when  lean  muscular  fibre  and  when  blood 
are  fully  dried,  has  nearly  the  same  apparent  compoeition* 
Thus,  according  to  the  analyses  of  !Playfair  and  fioeck- 
aoan,  dry  flesh  and  dry  blood  consist  respectively  of— 

Dry  taaeC  Diy  ox  hloodL 

Carbon    -  -  51-63  .    .    -  61M 

Hydrogen  -  757  -    -    -  7*25 

Nitrogen  -  15*01  ...  1507 

Oxygen  -  .  2187  ...  21-30 

Ashes      -  .  4-23  -    -    •  4-42 


100  loot 

*  "nioiiMoii'i  Afdmid  demglry,  pn.  885  anil  367. 

t  IJM^9  OrgQtac  Chmivtrf  ^jjUtd  to  PAyMfaty,  p.  314. 
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The  organui  part,  therefore,  of  Mood  and  of  flesh  ti 
nearly  identical  in  ultimate  composition,  and  the  JuMi 
result  of  equal  weights  of  each,  when  applied  as  manures, 
should  be  nearly  the  same.  The  ashes,  nowever,  or  inor* 
ganic  part,  though  present  in  each  nearly  in  the  same  pro* 
portion  (4*23  and  4*42  per  cent),  are  somewhat  different 
in  composition,  and  therefore  the  action  of  blood  and  flesh 
will  be  a  little  unlike  in  so  far  as  it  depends  upon  the 
saline  substances  they  are  respectively  capable  of  convey- 
ing to  the  roots  of  plants. 

Sjo.  Skin. — The  skins  of  nearly  all  animals  find  their 
way  ultimately  into  the  soil  as  manure,  in  a  more  or  less 
changed  state. 

The  refuse  parings  from  the  tan-yards,  and  from  the 
curriers'  shops,  though  usually  employed  for  the  manufac* 
ture  of  glue  are  sometimes  used  as  a  manure,  and  with 
grreat  advantage.  They  may  either  be  ploughed  in  suffi- 
ciently deep  to  prevent  the  escape  of  volatile  matter  wheil< 
they  begin  to  decay,  or  they  may  be  made  into  a  compost 
by  which  their  entire  virtues  wUl  be  more  effectually  re- 
tained. 

Skin  differs  considerably  in  its  constitution  from  flesh 
and  blood.  It  contains,  in  the  recent  state,  about  58  per 
cent,  of  water,  and  leaves,  when  burned,  only  1  per  cent 
of  ash.    The  combustible  or  organic  part  consists  of-» 

Carbon  -        -        -  5000 

Hydrogen  -        -        •  707 

Nitrogen  -       -        -  1872 

Oxygen  ...  28-32 

100 

It  contains,  therefore,  3|  per  cent  more  nitrogen  than 
flesh  or  blood.  So  far  as  the  fertilizing  action  of  these 
substances  depends  upon  the  proportion  of  this  constito- 
ent — glue,  the  parings  of  skins,  and  all  gelatinous  sub- 
stances  will  consequently  exhibit  a  greater  efficacy  than 
flesh  or  blood. 

§  2.   Woolf  VH)oOen^agt,  hair,  hom,  and  hones. 

1<>.  Woolf  in  the  form  of  the  waste  of  the  spinning- 
mills,  and  especially  in  that  of  woollen  rags,  acts  very 
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efficacionsly  as  a  manure.  The  rags  are  used  with  good 
effect  upon  ligbt  chalks  and  gnurels,  iu  which  they  retain 
the  water.  They  are  soinetunes  ploughed  in  for  wheat 
along  with  the  clover  stubble,  in  the  winter  with  the  con 
stubble,  when  the  land  is  intended  for  turnips,  and  are 
•iKnetimes  applied  as  a  top-dressing  to  clover  and  grass 
lands.*  They  are  used  most  extensively,  however,  is  the 
hop-grounds,  being  dug  in  round  the  roots,  to  which  they 
continue  for  a  long  time  to  supply  much  nounahment 
The  estimation  in  which  they  are  held  may  be  judged  of 
by  the  price  they  bring,  which  is  from  «£5  to  dClO  a  ton. 

2^.  Hair  also  is  fitted  to  produce  effects  similar  to  those 
which  follow  the  use  of  wool.  It  can  seldom,  however, 
be  obtained  by  the  farmer  at  so  economical  a  rale  as  to 
enable  him  to  trust  to  it  as  an  available  resource  when 
other  manures  become  scarce^ 

3^.  12bm,  in  the  form  of  horn  shavings,  parings,  sod 
iuminss,  is  justly  considered  as  a  very  powerful  manure. 
£ven  m  the  state  of  shavings,  however,  it  undergoes  de- 
cay BtUl  more  slowly  than  woollen  rags;  and,  therefore, 
like  them,  will  always  be  most'  safely  and  economicsUj 
employed  when  previously  rotted,  by  being  made  into  a 
compost. 

Wool,  hair,  and  horn,  differ  from  flesh»  blood,  and  akin, 
by  containing  very  much  less  water  in  their  niAural  atate, 
and  by  undergoing,  in  consequence,  a  much  slower  decay, 
and  exhibiting  a  much  less  immediate  action  upon  any 
crop  to  which  they  naay  be  applied.  The  inteUigeot 
farmer,  therefore,  will  bear  this  unportant  distinction  in 
mind,  in  any  opinion  he  may  form  as  to  the  relative  effi- 
cacy of  these  several  substances  as  general  fertiliaeia  of 
the  land. 

In  ehemioai  composition  these  thvee  subatanees  are 
neariy  identical,  and  they  do  not  differ  widely  from  the 
lean  of  beef  or  from  dried  blood.  When  bomed  they 
leaiTB  only  a  small  quantity  of  ash  :— 


Wool  leaves  -  •  2-0  per  cent 

Hair  ,  ^  ^  0-72 

Horn  -  -  -  07        •: 


caHPOflinoff  or  wool,  hair,  ano  homt.         9il 

And  tbe  part  which  bams  away — ^the  organic  part — 
consists  of — 

WooL  Hair.  Horn. 

Carbon        •        •        -  60^  -  5153  -  51^ 

Hydrogen  ...  7<»  -  6^9  -  672 

Nitrogen    -        -        .  1771  -  17«  -  17--» 

Oxygen  and  Sulphur  .  24-61  -  23  84  -  24-61 

100  100  100 

The  organic  part  of  these  three*  sabstanees,  thereferOt 
is  nearly  identical  in  composition,  and  hence,  when  equally 
decomposed  they  ought  to  produce  the  same  effects  upon 
the  young  crops.  They  contain-  a  Httle  more  nitrogen 
than  dried  flesh  and  blood,  and  a  little  less  than  dried 
skin,  and  therefore  in  so  far  as  their  fertilizing  action  de* 
pends  upon  this  element,  they  ought  to  occupy  an  inter- 
mediate place  between  these  several  substances. 

§  3.  Of  the  composition  of  hones. 

Few  substances  have  of  late  years  done  so  much  to  in- 
crease the  agricultural  produce  of  various  parts  of  Eng- 
land as  the  use  of  crushed  bones  for  manurinff  the  land. 

l^.  Recent  bones  contain  a  variable  quantity  of  water 
and  fat  The  proportion  of  fat  depends  upon  the  position 
of  the  bone  in  the  body,  and  upon  the  condition  of  the 
animal.  The  proportion,  of  water  depends  partly  upon 
the  solidity  of  the  Done  and  partly  upon  its  age.  Accord- 
ing to  Denis,  the  radius  of  a  female. 

Water,  witlkttlittto  fat 

Aged  8  years,  contained  -       •       38*8  per  cent. 

Aged  20  years,    do.       -        -        -        13*0      do. 
Aged  78  years,    do.       •        -        -        15*4      do. 

The  quantity  of  water  thus  present  in  bones,  performs 
an  impovtant  part  in  determining  the  action  which  bone- 
dust  is  known  to  exercise  upon  the  land.  Tbe  oil  is  some- 
times extracted  by  boiling  the  bones.  DuriDs;  this  boiling 
they  absorb  more  water,  and  thus,  when  laid  upon  the 
land,  undergo  a  more  rapid  decomposition,  and  exercisOt 
in  consequence^  a  more  immediate  and  apparent,  and 
therefore,  as  some  may  think,  a  more  powerful  fertiliztn|( 
action. 
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2^.  But  bones  differ  from  the  other  animel  subetancea 
already  described  chiefly  by  coDtaiitiag  a  much  larger  pco- 
porlion  of  inorganic  matter,  or  by  leaving,  when  burned, 
a  greater  per-centage  of  ash.  The  quantity  of  inorganic 
matter,  however,  contained  in  bones  is  not  constant.  It 
is  less  in  the  youug  than  in  the  fiillrgrown  animal — Ibbb  in 
the  spongy  than  in  ^e  compact  or  more  solid  booes-^^-and 
less  m  those  of  some  animals  than  in  those  of  otbeia. 
Thus,  when  freed  from  fat  and  perieetly 


OfioorfttBle 

The  lower  jaw-bone  of  an  adult  left  €8  0  per 
'   ■  a  child  of  three  yean  —  62-8    •  • 


'    A  compact  human  bone         ...        —  66*7    ""  * 
A  spongy  human  bone  .  — d(H3    **:- 

The  tibia  of  a  sheep      ....       — 4803**-' 
The  vertebro  of  a  haddock        .        .  —  60^1  *•-• 

It  is  obvious  that  the  relative  efficacy  of  equal  weights 
of  bones  must  be  affected  by  such  differences  in  the  rela- 
tive proportions  of  organic  and  inorgani6  matter  which 
they  severally  contain. 

3^.  This  inorganic  matter  or  ash  consists  in  great  part 
of  phosphate  of  lime  (earth  of  bones,  Part  II.,  p.  299),  but 
St  contams  also  a  considerable  though  variable  proportioa 
of  carbonate  of  lime,  vrith  smaller  quantities  of  several 
other  ingredients.  The  proportion  of  carbonate  of  lime 
appears  to  be  smallest  in  carnivorous  animals. 

Thus,  for  every  100^  pacts  of  phosphate  of  livie  theiii 
exists  in — 

Human  bones  about  .                      20*7 

Bones  of  the  sheep  24*1 

Do.       ox     •  ^          .           1S*5 

Da       fowl         •  .      11*7 

Da        haddock  .             6*2 

Do.        frog  .            .        6r8 

Da       lion    ...  2*6 

These  proportions  are  not  to  be  considered  as  constant-* 
because  it  varies  not  only  in  ^  the  different  bones  of  tlie 
same  animal  but  also  in  bones  from  the  same  pazt  ef  the 
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body  of  differeBt  animals  of  tbe  same  species.*  But  the 
existence  of  such  difierences  must  render  unlike  the  fer> 
tilizing  actios  of  the  booes  of  different  animals — if,  as 
many  think,  this  action  depends  in  any  great  degree  upon 
the  quantity  of  phosphate  of  lime  which  they  respectively 
contain. 

4°,  Besides  the  phosphate  and  carbonate  of  lime,  I  have 
stated  that  bones  contain  certain  other  inorganic  substan- 
ces, which  are  found  in  small  quantity  in  the  ash.  What 
these  substances  are  will  appear  in  the  following  table, 
which  represents  the  constitution  of  the  bones  of  some  ani- 
mals, as  analyzed  by  Dr..  Thomson— 

hmam 
•frnfttMafi. 

Oiganic  or  combustible  matter  43*3 
Phosphate  of  lime         .        .    50*6 


Carbonate  of  lime 

Magnesia 

Soda 

Potash 


45 
09 
08 

008 


Ileom 

Tert«hrB 

of  «■  ox.     i 

Bfaluddotlb 

48-5      . 

.      395 

45-2 

.      56-1 

61      . 

3^ 

0-2      . 

08 

0*2 

0^ 

01      . 

100-3 


1008 


The  soda  exists  in  bones  probably  in  the  state  of  eom« 
roon  salt,  and  the  magnesia  m  that  of  phosphate.  An  ap« 
preciable  quantiiy  of  fluoride  of  calcium,  with  traces  of 
iron  and  magnesia^  are  also  generally  found  in  bone»,  in 
addition  to  the  substaacea  indicated  in  the  preceding 
analyses. 

5^,  When  bones  are  heated  to  redness  in  the  open  air 
the  organic  part  burns  away,  and  leaves  the  white  earthy 
matter  in  the  form,  and  nearly  of  tbe  bulk,  of  the  original 
bone.  But  if  a  dry  bone  be  covered  with  dilute  muriatic 
acid,  the  earthy  or  inorganic  part  is  slowly  dissolved  out, 
and  the  organic  part— the  cartilage  or  gelatine — will 
alone  remain,  retaining  also  the  form  and  size  of  the  or- 
ganic bone.  In  this  state  it  is  flexible  and.  somewhat  sofb, 
and  by  prolonged  boiling  may  be  dissolved  in  water,  and 
manufactured  into  glue. 

This  organic  or  combustible  part  of  bones  is  identical: 
ipL  chemical  composition  with  skin  and  glue,  and  is  nearly 
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tbe  same  as  wool,  hair,  and  horn,  of  whiph  the  analysis 
has  already  been  given.  In  so  far,  therefore,  as  their 
efficacy  depends  upon  the  organic  constituent,  dry  bones 
must  be  greatly  inferior  to  an  equal  weight  of  any  of  the 
other  animal  substances  abore  described,  because  of  the 
much  greater  proportion  of  earthy  matter  they  contain. 

§  4.  On  what  dees  ikejeriiltzing  action  of  hones  depend  f 

Bones  contain,  as  we  have  seen,  a  large  proportion  both 
of  organic  and  of  inorganic  matter ; — on  which  of  these 
two  constituents  does  their  fertilizing  action  most  depend  t 
Some  regard  the  phosphate  of  lime  or  bone  earth,  as  the 
only  source  of  the  benefits  so  extensively  derived  from 
diem---and  it  is  by  supposing  the  soil  to  be  already  suffi- 
ciently impregnated  with,  this  phosphate  that  Sprengel 
accounts  for  the  little  success  which  has  attended  the  use 
of  bones  in  Mecklehbuigh  and  Nortli  Germany.  Others, 
again,  attribute  the  whole  of  their  influence  to  the  organic 
part — the  gelatine— which  bones  contain.  Neither  of  these 
views  is  strictly  correct.  Plants,  as  we  have  seen,  require 
a  certain  quantity  of  phosphoric  acid,  lime,  and  magnesia 
which  are  present  in  the  inoivanic  part  of  bones ;  and  so 
far,  therefore,  are  capable  of  deriving  inorganic  food  from 
bone-dust.  But  the  organic  part  of  bones  will  decompose, 
and  therefore  will  act  nearly  in  the  same  way  as  skin, 
wool,  hsif,  and  horn  do— which  substance  it  resembles  in 
ultimate  composition.*  It  cannot  be  doubted,  therefore, 
that  a  eonsiderable  part  of  the  effect  of  bones  upon^  all 
crops  must  be  due  to  the  gelatine  which  they  contain. 

*  The  main  difierence  it  in  the  quantity  of  ralphur  contained  in  hair.  Aa 
analyaia  of  human  hair,  by  Vait  LAca-  (Jmuiieii  der  PkarwMekj  zIt^  p-. 
168),  which  haa  reached  me  once  the  preceding  aheet  went  to  preaa,  ahowe 
the  proportion  of  lulphar  more  accurately  that  which  ia  given  at  the  top  of 
(Part  III.)  p.  SSI.  He  found  human  hair  of  Tarious  coloun  to  leave  Iram 
one-third  to  nearly  two  per  cent,  of  aah  when  burned,  and  to  conmat  b»> 
ot— 

Caibon  50^' 


Hydrogen 
Nitrogen 
Ozysen 
Bulfmur 


S'SS- 
1714 
SO-86 

5<M> 


KM 
•ad  neaily  half  a  s«r  eeat.  of  phMpbona. 
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The  priocipal  facts,  now  known  in  regard  to  the  action 
of  bones,  may  be  thus  staled  : — 

10.  The  organic  matter  of  bones  acta  like  that  of  skin, 
woollen  rags,  born-ehavings,  &c.,  but  as  booe-dust  contains 
only  about  oue-third  of  the  organic  matter  which  is  pre- 
sent in  an  equal  weight  of  either  of  the  above  substances^ 
its  total  effect,  in  so  far  as  it  depends  upon  the  organic 
matter,  will  be  less  in  an  equal  proporiion. 

2^.  But  as  the  organic  matter  of  bones  contains  more 
water  than  horn  or  wool,*  it  will  decay  more  rapidly  than 
these  substances  when  mixed  with  the  soil,  and  will  there- 
fore be  more  immediate  in  its  action.  Hence,  the  reason 
why  woollen  rsgs  and  horn-shavings  must  be  ploughed  in 
in  the  preceding  winter,  if  they  are  to  benefit  the  subse* 
quent  wheat  or  turnip  crops,  while  bone-dust  can  be  bene- 
ficially applied  at  the  sowing  of  the  seed. 

3^.  When  bones  are  boiled  the  oil  will  be  separated, 
and  a  portion  of  the  gelatine  will  at  the  same  time  be  dis- 
solved out.t  The  bones,  therefore,  will  be  in  reality 
rendered  less  rich  as  a  manure.  But  as  they  at  the  same 
time  take  up  a  considerable  quantity  of  water,  boiled 
bones  will  decompose  more  rapidly  when  mixed  with  the 
soil,  and  thus  will  appear  to  act  as  beneficially  as  unboiled 
bones.  Hence  the  reason  why  in  Cheshire,  where  boiled 
bones  are  used  to  a  considerable  extent,  many  practical 
men  are  of  opinion  that  their  action  upon  the  crops  is  not 
inferior  to  that  of  bones  from  which  the  oil  has  not  been 
extracted  by  boiling.  The  immediate  effect  may  indeed  be 
equal,  or  even  greater,  than  that  of  unboiled  bones,  but 
the  total  effect  must  be  less  in  proportion  to  the  quantity 

^  Above,  (Part  m.)  p.  221. 

t  TIm  pnrfong^d  bouin^  of  bmies,  to  m  to  disaoWe  ft  portion  of  tlio  gelft- 
tine.  is  prmctisoa  to  ft  conaderable  extent  aa  a  mode  of  manufiutoring  aise 
or  j?lue.  In  Uie  large  dying  etCablishmenta  in  Manchester,  the  bonei  are 
boiled  in  open  pana  for  94  man,  the  ftt  skimmed  off  and  aold  totheoandlo- 
maken,  and  the  aise  afterwards  boiled  down  in  another  veasel  till  it  is  of 
sufficient  strength  for  stiffening  the  thick  goods  for  which  it  is  intended. 
The  size  liqnor,  when  exhausted,  or  no  longer  of  sufficient  strength  for 
stifieninff,  is  applied  with  much  benefit  as  a  manure  to  the  adjacent  pasture 
and  artificial  grass  lands,  and  the  bonea  are  readily  bonght  up  by  the  Lan- 
cashire and  Cneshire  fanners,  llie  boiled  bones  most  eyiaently  lose  all 
die  fertilising  yiiloe  which  the  siia  Uquor  acqnifes. 
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of  organic  matter  which  has  been  removed  by  boiliDg. 
CoseSi  howeyer,  may  occar  in  which  the  skilful  man  will 
prefer  to  use  boiled  bones  becanse  they  are  fitted  to  pro- 
duce more  immediate  effect  where — as  in  the  pushing 
forward  of  the  young  turnip  plant — such  an  effect  is  pai^ 
ticularly  required. 

i°.  When  bones  are  buried  in  a  more  or  less  entire 
state,  as  they  occasionally  are  about  the  roots  of  vines 
and  fruit  trees,  they  gradually  decay,  and  sensibly  promote 
the  growth  of  the  trees  to  which  they  are  applied.  Yet 
after  the  lapse  of  years  these  same  bones  may  be  dug  up 
nearly  unaltered  either  in  form  or  in  size.  The  bones  of 
a  bear  and  of  a  stag,  after  being  long  buried  were  found 
by  Marchand  to  consist  of— 


BottM  of  eh*  bMrbflriod 

FoMr  ol 

icr2 

•hallow. 

•toff. 

Animal  matter 

. 

42 

7-3 

Pboephate  of  lime    - 

. 

560 

621 

541 

Carbonate  of  lime    - 

. 

131 

133 

19-3 

Sulphate  of  lime     - 

. 

71 

123 

12-2 

Phosphate  of  magnesia 

. 

0-3 

0-5 

21 

Fluoride  of  calcium 

• 

20 

21 

2-1 

Oxides  of  iron  and  manganese 

20 

21 

2-9 

Soda      ... 

. 

M 

1-3 

-. 

Silica     ... 

. 

2-2 

2-1 

-^ 

100  100  100 

The  most  strikioff  change  undergone  by  these  bones 
was  the  large  loss  of  org^anic  or  animal  matter  they  had 
suffered.  The  relative  proportions  of  the  phosphate  and 
carbonate  of  lime  had  been  comparatively  little  altered. 
The  main  effect,  therefore,  produced  by  bones  when  buried 
at  the  roots  of  trees,  and  their^r#/  effect  in  all  cases,  mast 
be  owing  to  the  animal  matter  they  contain-^the  elements 
of  this  animal  matter,  as  it  decomposes,  being  absorbed 
by  the  roots  with  which  the  bones  are  in  contact. 

Such  facts  as  this  prove,  I  think,  the  incorrectness  of 
the  one-sided  opinion  too  hastilv  advanced  by  Spreneel, 
and  afler  him  reiterated  by  Liebig  and  his  followers — Uiat 
the  principal  efficacy  of  bones  is,  in  all  cases,  to  be  as* 
cribed  to  their  earthy  ingredientSt  and  especially  to  the 
phosphate  of  lime. 
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This  opinion  of  Sprengel  rests  mainly  on  two  fkcts  put 
forward  by  himself.*  Bones,  he  says,  have  failed  to  pro- 
duce in  North  Western  Germany  the  ffood  effects  for 
which  they  are  so  noted  in  England,  yet  in  the  same  dis- 
tricts, farm-yard  and  other  animal  manures  exhibit  their 
usual  fertilizing  action.  It  cannot,  therefore,  he  concludes, 
l>e  the  imimal  matter  of  bones  to  which  their  beneficial 
influence  is  to  be  ascribed.  But  to  this  conclusion  we 
may  fairly  demur,  when  we  know  how  often  on  heavy  and 
undrained  lands  bone-dust  fails  even  among  ourselves. 
Let  bones  be  tried  for  the  turnip  crop-^a  crop  still  almost 
unknown  in  Northern  Germany — and  upon  well  drained 
soils  similar  to  those  of  our  best  turnip  lands,  and  I  ven- 
ture to  predict,  in  opposition  to  Sprengel's  experience, 
that  bones  will  no  longer  fail  even  in  Mecklenburg. 

Again,  having  drawn  his  conclusion  in  regard  to  the  in- 
utility of  the  animal  matter,  Sprengel  states  that  the  marl 
which  is  applied  to  the  land  in  Hotstein  and  the  neighbour- 
ing province,  contains  phosphate  of  lime  (Part  ill.,  p. 
104),  and  hence  the  reason  why  the  earthy  matter  of  the 
bones  applied  does  not  improve  the  land.  In  so  far  as  the 
eflScacy  of  bones  really  depends  upon  their  earthy  consti- 
tuents, the  use  of  a  marl  containmg  phosphate  of  limet 
will,  no  doubt,  greatly  supersede  them  ; — ^but  in  so  far  as 
it  depends  upon  the  animal  matter  they  contain,  bones 
will  exhibit  their  natural  fertilizing  action,  however  rich 
the  soil  may  already  be  in  those  compounds  of  which  their 
earthy  or  incombustible  part  consists. 

6^,  Yet  there  is  reason  to  believe— nay  it  may  be  as- 
sumed as  certain — that  the  phosphate  and  carbonate  of 
lime  which  bones  contain  so  largely,  are  not  without  effect 
in  promoting  vegetation.  All  our  cultivated  plants  require 
and  contain  both  phosphoric  acid  and  lime4  <^^  ^'^^'^  ^^ 

*  Lekre  vom  Dunger,  p.  153. 

t  Moet  lime-ttonet  and  thell-MiDdi  contain  an  appreciable  quantity  of 
thii  pboapbate,  and  will,  therefore,  to  the  name  extent  niperBede  the  use  of 
the  earthy  matter  of  bones.  Moch  of  the  marl  of  Holttein  contiau  of  the 
detritus  of  chalk  rockn,  anciently  broken  up  and  carried  off—by  the  waters 
«f  the  sea  with  which  that  part  of  Europe  was  covered  at  no  very  remote 
geological  epoch. 

X  &ePartU,p.318top.dM. 
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YegetaUes  on  whtcfi  they  feecl,  all  animals  derive  die 
entire  substance  of  their  bones.  This  same  phoephorie 
acid  and  lime,  therefore,  mast  exist  in  the  soil  oti  which 
the  plants  grow,  or  they  will  neither  thrive  themselves  nor 
be  able  properly  to  nourish  the  animals  they  are  destined 
to  feed.  If  a  soil,  then,  be  deficient  in  phosphate  of  lime 
or  its  oonstituents,  it  is  clear  that  the  addition  of  bones 
will  benefit  the  after-crops  not  only  by  the  animal  bnt  by 
die  earthy  matter  also  which  they  contain.  And  that  suA 
is  the  case,  in  many  instances,  there  is  good  reason  for 
believing.  •  But  that  this  can  by  no  means  account  f^M*  die 
whole  effect  of  bones,  even  supposing  the  soil  to  which 
diey  are  applied  to  be,  in  every  instance,  deficient  in  phos- 
phates, is  clear  from  the  fact  (see  Part  II.,  p.  327),  that 
260  lbs. — ^less  than  6  bushels— of  bone-dust  per  aero  are 
fufiicient  to  supply  all  the  phosphates  contained  in  the 
crops  which  are  reaped  during  an  entire  fMir-shifl  rotation 
of  turnips,  bariey,  clover,  and  wheat.  Yet  the  quantity 
of  bones  actually  applied  to  the  land  is  from  three  to  five 
times  the  above  weight,  repeated  every  time  the  turnip 
erop  comes  round. 

6<>.  Still,  granting  that  the  chief  efifect  of  bones  upon 
die  immediately  succeeding  crops  is  due  to  their  organic 
part,  upon  what  does  their  prtdongtd  good  effect  deoKand  1 
Some  lands  remember  a  single  dressing  of  bones  for  16 
or  20  years,  and  some  after  the  application  of  2  or  2|  tons 
of  bones  have  yielded  10  to  15  successive  crops  of  oats, 
and  have  been  sensibly  benefitted  for  as  many  as  sixty 
years  after  the  bones  were  applied.* 

This  prolonged  effect  is  also  due  in  part  to  both  con- 
stituents. When  not  crushed  to  powder,  thb  orgranic 
matter  of  bones  is  always  slow  in  disappearing,  and  slower 
the  deeper  they  are  buried.  In  some  soils,  also,  fhe  pro- 
cess is  more  slow  than  in  others.  The  long  buried  bones 
of  the  bear  and  of  the  stag,  of  which  the  analysis  is  given 
above  (Part  HI.,  p.  226),  had  lua  in  the  soU  for  an  un- 
known period,  and  yet  they  stifl  contained  a  sensible  pro- 
portion of  animal  matter.    So  it  ia  with  the  bones  uaed 

*  See  Afpendu,  and  BritMsh HuAcmdry^h, p.  396/ 
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for  manure,  wbeo  they  are  not  crushed  too  fine.  They 
long  retain  a  portion  of  their  organic  matter,  which  they 
give  out  more  slowly,  and  in  smaller  quantity,  every  veor 
that  passes,  yet  still  in  such  abundance  as  tocootribute 
sensibly  to  the  nourishment,  and  in  s<ime  degree  to  pro- 
mote the  growth,  of  the  crops  which  the  land  is  made  to 
bear.*  So  it  would  be  with  the  horns  and  boo&  of  cattle, 
if  laid  on  in  equal  quantity,  for  they  also  decay  with  ex- 
ceeding slowness. 

Still  the  inorganic  part  is  not  without  its  use.  If  the 
soil  be  deficient  in  phatphaUe  or  in  lime^  the  earthy  matter 
of  the  bones  will  supply  these  substances.  1  only  wish  to 
guard  you  against  the  conclusion,  that  because  bones 
often  act  for  so  long  a  period,  that  therefore  the  organic 
matter  can  have  no  share  in  the  influence  they  exercise 
after  a  limited  period  of  years. 

He  who  candidly  weighs  the  considerations  above  (m^- 
sented  will,  I  think,  conclude  that  the  whole  eflbct  of 
bones  cannot  in  any  case  be  ascribed  exclusively  either  ' 
to  the  one  or  to  the  other  of  their  principal  constituents. 
He  will  believe,  indeed,  that  in  the  turnip  husbandry  the 
organic  part  performs  the  most  prominent  and  mcist  imme- 
diately useful  office,  but  that  the  earthy  part,  neverthelessy 
affords  a  ready  supply  of  certain  inorganic  kinds  of  food, 
which  in  many  soils  the  plants  would  not  otherwise  easily 
obtain.  He  will  assign  to  each  constituent  its  separate 
and  important  function,  being  constrained,  at  the  same 
time,  to  confess— that  while  in  very  many  cases  the  eartkp 
part  qfbane9^  applied  alcne^  would  fail  to  benefit  the  land, 
there  are  few  cultivated  fields  in  which  the  or^aiitc  part 
applied  alone  woukl  not  materially  promote  the  growth  of 
most  of  our  artificial  crops. 

*  Thii  opinkm  derivM  a  tiBgnlarly  mteratliiig  conBnnstion  from  Um  feet 
tbat  a  poiuon  of  the  soil  of  an  arable  diatrict  in  Sweden,  "  which  from  time 
immemorial  had  grown  excellent  wheat  without  manure,'*  waa  found  by 
Berseliua  to  contain  minute  fiagmente  of  bone  capable  upon  boiling  with 
water  of  yielding  a  weak  eoluiioo  of  gelatine.  It  waa  concluded,  there- 
fwe,  that  the  apot  had  been  an  ancient  battle  field,  and  that  iti  prolonged 
fertility  waa  due  to  the  bones  of  old  time  buried  in  it,  and  etall  to  lome  ex- 
tent undecumpooed  cBfarchaad). 

FAST  HI.  ,   20 
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$5.  Of  the  dppiietUioH  6f  bene-dutt  to  pasture  lands. 

If  the  soil  be  deficient  in  pliosphate  of  lime,  bone-eank 
alottOf  or  the  mineral  phosphate  ( Pan  1 1.,  p.  293)  may  be 
adrantageoQsIy  applied  to  increase  ita  fertility.  In  a  foor- 
Teara  rotation  of  turnips,  barley,  clover,  and  wheat,  if 
oones  be  used  for  the  turnip  crop,  the  land  will  every  ro- 
tation become  richer  in  bone-earth,*  and  therefore  the 
application  of  earthy  phosphates  cannot— -after  a  few  ro- 
tations-^be  expected  materially  to  aflect  ita  prodi>etiv»- 
tides.  But  pasture  lands  are  treated  diffeiently,  and  it  is 
not  unlikely  that  in  some  instances  the  earth  of  bonea, 
even  applied  alone,  may  to  anch  lauds  be  productive  of 
considerable  benefit. 

The  application  of  bone-duat  fo  permanent  pasture  has 
of  late  years  been  practised  with  gieat  aucceas  in  Che- 
shire. Laid  on  at  the  rate  of  30  to  35  cwt.,  ar  at  a  <:ost  of 
«£I0  per  acre,  it  has  increased  the  value  of  old  pastures 
from  10s.  or  15s.  to  30s.  or  40a.  per  acre:  and  after  a 
lapse  of  20  years,  though  sensibly  becoming  less  valuable, 
land  has  remained  still  worth  two  or  three  times  the  rrat 
it  paid  before  the  bones  were  laid  on. 

It  is  this  lengthened  good  efiect  of  boae-dost  that  affords 
die  strongest  ground  for  believing  that  the  earthy  phoa- 
phate  has  a  large  share  in  the  effect.  I  have  already 
•bown  that  this  prolonged  action  is  not  conclusive  upon 
the  point^since  the  organic  matter  lingera  long,  even  in 
buried  bones*— but  a  consideration  of  the  necessary  effect 
of  long-continued  pasturage  upon  soils  to  which  nothieg 
is  artificially  added,  lends  a  singular  support  to  the  view 
that  the  bone-earth  may  act  an  important  and  beneficial 
part  upon  old  meadow  and  other  grass  landa.  Take  the 
instance  of  a  dairy  farm  in  the  neigh boorhood  of  a  lar^ 
town, — 

lo.  The  milk  is  all  carried  off  the  farm,  either  directly 
or  in  the  shape  of  butter,  cheese,  &c.,  and  every  40  gallons 
of  milk  contain  1  lb.  of  bone  earth,  besides  otber  phos- 
phatea.  Estimate  the  average  >  ield  of  a  good  cow  at  3000 
quarts,  or  750  gallons  a  year,  its  milk  will  contain  19  lba» 

*  8m  top  of  page  288,  FsitlE. 
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of  earthy  phosphate — as  nmch  as  is  present  in  30  lbs.  of 
bone-dust 

2o.  Again,  the  urine  of  a  milk  cow,  taken  at  700  gallons 
a  year,  contains  about  1 1  lbs.  of  the  same  phosphate.* 
Suppose  only  a  third  of  this  run  to  waste,  and  the  fam 
will  lose  for  every  cow  in  this  way  about  4  Ibs^-^-equal  lo 
about  6  lbs.  of  bone-dust. 

3^.  But  for  every  cow  an  annual  calf  is  reared  and  sold 
off.  Let  this  calf  contain  but  20  lbs.  of  bone-*then  ^/!ir 
every  cow  it  mainiame,  a  dairy  farm  will  ioee  of  eariAy 
fhoephaJUM  upon  the  whole  ae  muck  as  ie  contained  in  56  Ihe. 
of  honc*du$t.  Suppose  a  farm  to  be  pantared  for  centu- 
ries, as  those  of  Cheshire  have  been,  and  the  prod  nee  to 
be  carried  off  in  the  form  of  milk,  butter,  ana  veal — wa 
may  reasonably  suppose  that  it  will  at  lensth  begin  to 
feel  the  want  of  those  phosphates  which  year  by  year  have 
been  drawn  from  its  surface,  it  is  reasonable  aldo  lo  sup* 
pose  that  the  addition  of  these  deficient  phoepbates  would 
impart  new  vigour  to  the  snil,  would  cause  new  ffrassee 
to  sprout,  and  a  more  mifk^yidding  herbage  to  spnng  up. 

Such  is  the  reasoning  upon  which  I  some  years  ago  at- 
tempted to  found  an  explaination  of  the  singularly  striking' 
effects  produced  by  bone-dust  on  Ae  graes  lands  of  Che* 
shire,  while  it  failed  materially  to  improve  those  of  other 
districts  on  which  it  had  been  tried.  I  still  consider  it  as 
by  no  means  without  its  weight,  though  1  cannot  concur 
with  the  extreme  views  which  some  have  since  adopted—- 
that  either  in  the  case  of  Cheshire,  or  in  any  other  case 
with  which  I  am  acquainted,  the  beneficial  action  of  bone- 
dust  is  to  be  ascribed  solely  to  its  earthy  constituents. 

4  6.  Of  animal  charcoal^  the  refuse  of  the  sugar  r^fin^ries^ 

and  animalised  carbon, 

lo.  Animal  charcoal  (bone  black). — When  bones  are 
charred  or  distilled  at  a  red  heat  in  close  vessels,  they 
leave  behind  a  coaly  residuum  to  which  the  name  of  ani- 
mal charcoal  is  usually  given.  By  this  calcination  the 
animal  matter  is  almost  entirely  decomposed.     The  char- 

*  A  cow,  not  in  mUk,  givei  on  an  average  about  1900g»llona  of  uiiae  (ase 
PartIIInP.343.) 
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ooal  still  retains,  however,  a  little  nitrogen,  and  thoogh  it 
is  seldooi  employed  as  a  manure,  yet  it  is  not  wholly  with- 
out effect  in  promoting  the  growth  of  our  cultiTated  crops. 
Thus  in  1842,  when  applied  to  Swedish  turnips,  Mr.  Fie* 
raing  obtained  from  the  unmanured  soil  12  tons  5  cwt.  per 
acre  j  but  when  manured  with  10  cwt.  of  animal  charcoal, 
21  tons  2  cwt.* 

2o.  Rrfuie  charcoal  of  the  nrgar  refiners. — The  animal 
ehai'coal  above  described  is  chiefly  employed  for  the  piir- 

EMe  of  removing  the  colour  from  solutions  of  raw  sugar, 
lood  is  also  used  for  clarifying  the  same  solutions,  and 
2uick*lime  for  neutraliziug  the  acid  matter  they  contain, 
lus  rendering  the  syrups  more  capable  of  easy  crystal- 
lisation. Hence  the  animal  charcoal,  the  blood,  the  lime, 
and  the  colouring  and  other  matters  separated  from  the 
sugar,  bec«>me  mixed  toffether,  and  form  the  refuse  of  the 
sugar  refiners.  This  refuse  often  contains  from  one-filth 
to  one- fourth  of  its  weight  of  blood,  and  hence  is  in  gen- 
eral—and especially  in  France,  where  it  is  extensively 
employed  as  a  manure— -considered  from  four  to  six  times 
more  powerful  than  the  pure  animal  charcoal  alone.  In 
the  western  parts  of  France  this  mixture  has  for  some 
years  been  in  great  rebute  among  agriculturists,  and,  in 
addition  to  that  which  is  produced  at  home,  has  been 
largely  imported  from  other  countries.  Into  the  ports 
npon  the  river  Loire  alone  there  were  entered,  in  1839, 
upwards  of  ten  thousand  ton8.t  It  sells  at  about  five 
pounds  a  ton. 

The  value  of  this  substance  depends  very  much  upon 
the  proportion  of  blood  which  it  contaios,  and  as  this  is  in 
some  measure  variable,  its  fertilizing  qualities  must  be 
variable  also.  In  this  country  blood  is  used  much  more 
sparingly  in  the  refining  of  sugar  than  it  used  to  be,  and 
hence  the  refuse  of  our  refineries  is  probably  less  valuable 
as  a  manure  now  than  it  was  in  former  years.|     This  is 


t  Boiiatiiiganlt,  An.  de  CUm,  eldePky$,,  3d  series,  iii.,  p.  96. 

t  The  refiniiiff  **  consiats  in  putting  tne  sugar  into  a  lai^e  square  copper 
cistern,  along  with  some  lime  water,  a  little  bullock^s  bloul,  and  from  5u> 
SO  per  cent,  of  bone  black,  and  injecting  steam  thronrh  the  mixture.  JBi- 
tUad  of  ike  hlood  many  refiners  employ  a  mutore  of  gelatxiioas  ahmima 
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probably  one  reason  why  Mr.  Fleming  obtainecl  from  the 
use  of  it  a  somewhat  smaller  crop  of  turnips  than  from 
an  eqnal  quantity  of  the  unused  animal  charcriaL  Upon 
Swedish  turnips  10  cwt.  of  unused  animal  charcoal  gare 
him  21  tons  2  cwt. ;  while  10  cwt.  of  the  refuse  gave  10 
tons  7  cwt* 

Still  this  result  is  sufficiently  favourable  to  recommend 
the  refuse  or  exhausted  animal  charcoal  to  the  practical 
agriculturist  where  more  economical  manures  cannot 
readily  be  obtained. 

3^.  Animalized  Carhon.-r^The  estimation  in  which  the 
.refuse  charcoal  of  the  sugar  works  was  held  has  led  to 
,the  manu&cture  of  very  useful  imitations  of  it  under  th0 
name  of  animalized  carbon.  A  calcareous  soil,  rich  in 
vegetable  matter,t  is  charred  in  close  vessels,  and  is  then 
mixed  at  intervals  with  repeated  portions  of  night  soil  as 
long  as  it  disinfects  it  or  removes  its  smell — and  to  this 
mixture  is  added  4  or  5  per  cent,  of  clotted  or  partially 
dried  blood.  This  animalized  carbon  is  said  to  be  of 
much  value  as  a  manure.  The  main  ohjections  to  it  ar» 
its  liability  to  adulteration  and  the  uncertainty  to  which, 
even  when  skilfully  and  conscientiously  prepared,  its 
composition  must  be  in  some  measure  liable. 

§  7.  OfJUhyjUh  refuse^  whale  hlubbcr^  and  oil. 

\^.  Fuh, — In  some  parts  of  the  world,  and  occasionallv 
on  the  shores  of  our  own  island,  fish  are  met  with  in  suca 
abundance  that  they  can  be  economically  employed  as  a 
manure  for  the  land.  They  are  either  spread  overit.in  a 
recent  state,  or— which  is  more  economical — are  made 
into  a  compost,  chiefly  with  earth,  which,  after  a  time» 
proves  rich  and  fertilis&ing. 

The  bones  of  fish  are  similar  in  composition  to  those  of 
terrestrial  animals  (Part  III.,  p.  225),  and  their  muscular 

and  gypsom,  called  jSntn^r^t  prepared  by  adding  lime  water  to  a  solution  of 
aluDif  and  collecting  the  precipitate.'*  (Ure).  Hence  the  reason  why,  ia 
England  al  least,  the  refuse  charcoal  of  the  sugar  works  is  not  ohsayM  lich. 
inblocd. 

*  Appendix. 

t  An  intlQiate  mixture  of  peat  and  mail  or  shell-Mad  would  saswst 
well. 
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parts  Bje  nearly  identical  in  elementary  constitotion  with 
the  lean  part  of  beef  and  the  clot  of  blood.  As  fertiKzing 
agents,  therefore,  the  parts  of  fishes  will  act  nearly  in  the 
same  way  as  the  blo^xl  and  bodies  of  animals. 

2^.  Fifh  rffuse.^^The  pilchards  of  Cornwall,  and  the 
herrings,  cod,  and  ling  of  our  Northern  coasts,  when 
cleaned  fbr  salting,  yield  a  large  quantity  of  refuse,* 
which  is  peculiarly  valuable  to  the  farmers  in  the  neigh- 
bourhood of  the  principal  fishing  stations. 

In  the  North,  a  compost  prepared  from  this  fish  refuse 
is  generally  esteemed  as  a  manure  for  barley  and  green 
crops,  but  when  extensively  used,  "  is  said  to  render  the 
soil  unfit  for  the  production  of  oats.*'  Such  soil  is  said  to 
be  poison ed.t 

3^,  Whale  blubber, — When  the  oil  Is  expressed  from 
whale  blubber,  a  skinny  or  membraneous  refuse  remains, 
which  has  hitherto  been  employed  only  as  a  manure.  It 
is  made  into  a  compost  with  earth,  which  is  several  times 
turned,  and  the  mixture  is  most  usefully  employed  after  it 
has  lain  not  less  than  9  or  12  months.  It  may  be  applied 
either  to  grass  or  to  arable  land. 

4^.  Whale  oil,  and  that  of  other  fish,  when  made  into  a 
compost  with  earth  and  a  little  lime  or  wood  ashes,  yields 
a  manure  which  was  much  recommended  by  the  late  JOr. 
Hunter  of  York  |  Merely  mixed  with  absorbent  earth, 
and  applied  at  the  end  of  one  month,  impure  whale  oil,  at 
the  rate  of  40  gallons  per  acre,  gave  the  late  Mr.  Mason, 
of  Chilton,  near  Durham,  a  crop  of  23^  tons  of  tumipSy 
while  40  buithels  of  bones  gave  him  only  22  tons.  More 
recently,  also,  it  has  been  found  that  the  mixture  of  a  few 
gallons  of  oil  with  the  usual  quantity  of  bone-dust  in- 
creased to  a  considerable  degree  the  turnip  crop  to  which 
it  was  applied.  In  a  theoretical  point  of  view,  it  would 
be  interesting  to  establish  the  fact,  that^r«  oil  is  capable 
of  promoting  in  a  large  degree  the  growth  and  produce  of 
our  cultivated  crops— though  as  a  resource,  of  which  &r- 

*  Fourtettii  burels  of  heiringi  yield  one  of  reftiM. 
tSinclair*!  StaHgHoaJL  A/ooomtd  tf  iScodoiui; tiL, p. SOI, (footed in  Ari- 
Mi  ihubandry,  L,  p.  4tl. 
t  Bee  his  QtorgM  JBf  m^v,  yoIs.  1,  S  and  5. 
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mere  in  general  can  avail  tbemselyes  where  other  manure 
18  scarce,  its  high  piice  will  probably  prevent  it  from  ever 
becoming  extensively  useful. 

§  8.  Relativeftrtilizing  value  of  the  animal  numures 

already  described^ 

No  sufficiently  decisive  experiments  are  yet  upon  re- 
cord, from  which  ihe  relative  value  of  the  several  snimal 
manures  above,  described  can  be  satisfactorily  deduced. 
That  they  differ  in  fertilizing  power  every  farmer  is 
aware,  but  it  is  not  yet  decided  by  actual  trial,  in  what 
proportion  one  of  them  exceeds  the  other. 

I  have  already  statedto  you  (Part  III.,  p.  214)  the  theore- 
tical opinion  entertained  by  many  that  the  eficacyi  qfaU  ma* 
nuree  ie  in  f^cportwn  to  the  quantity  (^nitrogen  Aey  contain. 
Adopting  this  principle  as  true,  it  is  easy  to  assign  to  each 
substance  its  proper  place  in  an  artificial  table.  The  last 
column  is  the  followmg  table  shows  the  quantity  of  each 
substance  in  its  ordinary  state  of  dryness,  which  will  be 
necessary  to  produce  the  same  effect  as  100  lbs.  of  com* 
mon  farm-yard  manure,  supposing  this  effect  to  be  deter* 
mined  by  the  nitrogen  alone« 


Water 

Aph 

NitfOfe* 
per  CMU 

Equai  •flbeto 

p«ro0Bl. 

perMBk 

pBudttced  by 

100  lbs. 

Fann-yard  Manure   . 

80 

1 

Flesh 

77 

1 

a; 

14     . 

Fish 

80 

2 

2 

20     .. 

Blood 

79  to  88 

1 

3 

10     .. 

Blood  dried*.    .    .    . 

12  to  20 

H 

12  to  13 

8     .. 

Skin 

58 

i 

8 

12     .. 

Wool,  Hair,  and  Horn 

9  to  11 

Ito   2 

16 

6     .. 

Bones      

14 

40  to  00 

5to   9 

11  to  20.. 

Refuse  Charcoal  of  > 
the  Sugar  works   \ 

48 

1 

1 

50 

Animalised  Carbon    . 

45 

1 

1 

60 

I  have  already  had  occasion  to  remark,  however,  that 
this  mode  of  classifying  manures  is  not  altogether  to  be 
depended  upon.    Since — 


*  As  it  it  sold  ftr  akamrs  at  Fteis  and  •iMwhws,  FlHt  m^  p.  tia 
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lo.  It  does  not  take  into  account  the  qoantity  of  iDor- 
gttDic  matter  they  severaUy  coDtain»  which,  aa  ahowa  in 
the  third  column,  is  particularly  large  in  bones,  and  ia  by 
some  considered  as  the  (most  1)  important  and  influeutiid 
constituent  of  this  manure.  Nor  is  any  effect  ascribed  to 
such  substances  as  the  sulphur,  which  in  hair  and  wool 
forms  nearly  5  per  cent,  of  their  whole  weight,  mm^  wbich 
cannot  be  wholly  without  influence  upon  the  plants,  by 
which,  as  they  decay,  theelementaef  these  manures  -may 
happen  to  be  absorbed. 

2o,  It 'passes  by  the  pradical  influence  of  the  quaati^ 
of  water  which  the  seTeral  substances  contain.  Flash, 
'fish,  blood,  snd  skin,  in  their  i-ecent  state,  contain  so  much 
water  that  they  begin  almost  immediately  to  decompose, 
and  thus  expend  most  of  their  fertilizing  virtue  apoa  tbe 
first  crop  to  which  they  are  applied.  Hair  and  wool,  on 
the  other  hand,  retain  so  little  water  that  they  decay  wiili 
great  slowness.  Hence,  the  true  amount  of  the  action  of 
these  latter  substances  cannot  i*e  estimated  in  a  aiagle 
year,  and  must,  therefore,  be  altogether  a  matter  of  theory 
until  a  series  of  careful  observations,  made  in  coosecative 
years,  shall  afford  some  decisive  faeu  upon  wbich  fo 
reason. 

3<>.  This  is  confirmed  by  the  statement  of  Boussinnult 
and  Payen,*  that  the  effect  of  the  animal  charcoal  of  the 
sugar-refiners  and  of  the  aiiimalized  carbon  is,  hy  ca^pe- 
rience.Jive  times  greater  than  the  proportion  of  nitrogea 
they  contain  would  indicate  ;  and — 

4^.  If  pure  oil,  which  contains  no  nitrogen  at  all,  will  yet 
produce  an  enriching  manure  by  mere  mixture  with  the 
soil  (Part  III.,  p.  234),  or  will  increase  greatly  the  effect  of 
bones -^we  must  obviously  seek  for  some  other  principle 
upon  which  to  account  for  the  effect  of  manures,  besides  or 
in  addition  to  the  proportion  of  niti-ogen  they  contain.  It  is 
true  that  the  ifnpurt  or  refuse  whale  oil  used  for  composts 
may  contain  some  nitrogen,  but  we  can  scarcely  supfKMe 
250  or  300  lbs.  of  such  oil  to  hold  so  much  of  this  element 
as  to  account  for  all  the  effects  which  the  oil  is  said  to 
have  produced; 

*  4JiiMife«  <fe  CSbia.  ec  if  JPibyc.,  Srd  MriM,  iiU  p.  M. 
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While,  then,  we  pot  so  much  faith  in  theory  as  to  be- 
lieve that  substances  which  contain  mach  nitrogen  are 
very  likely  to  prove  valuable  manures, — we  most  not 
allow  ourselves  to  be  so  carried  away  by  the  simplicity  of 
the  principle  as  to  believe  either  that  their  relative  effects 
upon  our  crops  may  be  always  estimated  by  the  propor- 
tion of  nitrogen  they  contain,  or  that  a  substance  may  not 
largely  increase  the  produce  of  our  fields  in  which  no 
nitrogen  is  present  at  all.  Indeed  the  effects  of  saline 
substances  alone  are  sufiicient  to  satisfy  us  how  untrue  to 
nature  this  latter  opinion  would  be. 

§  9.  Of  the  droppings  of  Jowls — pigeons'  dung,  and  guano. 

The  droppings  of  birds  form  one  of  the  most  powerful 
of  known  manures.  This  arises  in  part  from  the  circum- 
stance that  iu  the  economy  of  birds  there  is  no  final  sepa- 
ration between  the  liquid  and  solid  excretions.  Both 
escape  mixed  together  from  the  same  aperture. 

1^.  Pigeons*  dung  is  much  prized  as  a  manure  wherever 
it  can  be  obtained  in  any  considerable  quantity.  In  Bel- 
gium it  is  esteemed  as  a  top-dressing  for  the  yooag  flax, 
and  the  yearly  produce  of  100  pigeons  is  sold  fi>r  about 
20s.  Its  immediate  effect  depends  upon  the  quantity  of 
soluble  matter  it  contains,  and  this  varies  much  according 
to  its  age  and  to  the  circumstances  under  which  it  has 
been  preserved.  Thus  Davy*  and  Sprengel  obtained 
respectively  of 

Recent.       Six  months  old.        After  fei^ 
(Davy.)  (Sprengel.)    mentaiiun  (Davy.) 

^^iljl^^'dung-^  23  percent.  16  per  cent.    -    8  per  cent. 

The  soluble  matter  consists  of  uric  acid  in  small  quan- 
tity, of  urate,  sulphate,  and  especially  of  carbonate  of 
ammonia,  common  salt,  and  sulphate  of  potash ;— -the 
insoluble  chiefly  of  phosphate  of  lime,  with  a  little  pho8-> 
phate  of  magnesia,  and  a  variable  admixture  of  sand  and 
other  earthy  roatters.t  When  exposed  to  moisture,  the 
pigeons'  dung,  especially  if  recent,  undergoes  fermenta- 
tion, loses  a  portion  of  its  aromoniacal  salts^  and  thus  be- 

*  DaTT*e  AgricuUural  Chemutry^  lecture  YI. 
t  Sprengel^  hAre  vom  Dimger,  p.  140. 
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comes  less  Ttluable.  When  it  is  intended  to  be  kepi  it 
sbould  be  mixed  with  a  dry  vegetable  soil,  or  raade  into  a 
eompost  with  esjtk  and  saw-dust,  with  a  portion  of  pid* 
Terized  or  charred  peat,  or  with  such  a  disinfecting  char- 
coal as  that  which  is  employed  in  the  maaufiicture  of  the 
animalised  carbon  above  described. 

2^.  Hemi  dtrngofton  accumalates,  decomposes,  and  mns 
to  waste  in  poultry  yards,  when,  with  a  little  care,  it  might 
be  collected  in  considerable  quantities. 

3<>.  Goote  dung  is  less  rich  than  that  of  hens  or  pigeons, 
because  this  bird  feeds  less  upon  grain,  end  derives  a  con- 
siderable portion  of  its  nourishment  from  the  grass  which 
it  crops,  when  allowed  to  go  at  liberty  over  the  fields. 
Its  knciwn  injurious  effe^s  upon  the  grass  en  which  it 
falls  arise  from  its  being  in  too  concentrated  a  state.  In 
moist  weather,  or  where  rain  soon  succeeds,  it  doee  no 
injury,  and  even  when  in  dry  weather  it  kills  the  blades 
on  which  it  drops,  it  brings  up  the  succeeding  shoots  with 
increased  luxuriance. 

4<>.  Rooki^  dtmg  tinites  with  the  leaves  of  the  trees  aflKnog 
which  they  live,  in  emiching  the  pasture  beneath  them. 
In  old  rookeries  the  soil  is  observed  aUo  to  be  slowly 
elevated  above  the  surrounding  land.  This  surface  soil  I 
have  found  to  be  especially  rich  in  phosphate  of  lime, 
which  has  gradually  accumulated  and  remained  in  it  while 
the  volatile  and  soluble  parts  of  the  droppings  of  the  birds 
have  slowly  disappeared. 

50.  Guano  is  the  name  given  to  the  accumulated  dang 
chiefly  of  sea  birds,  which  is  found  upon  the  rocky  pro- 
montories, and  on  the  islands  that  skirt  the  coast  of  South 
America,  from  the  I3th  to  the  21st  degree  of  south  lati- 
tude. In  that  part  of  America,  the  climate  being  very 
dry,  the  di*oppings  of  the  birds  have  decomposed  with 
exceeding  slawuess,  and  upon  some  spots  have  continued 
to  accumulate  for  many  centuries,  forming  layers,  more 
or  less  extensive,  of  10, 20,  and  at  certain  places  it  is  said 
even  60  (?)  leet  in  thickness.  In  some  places  the  more 
ancient  of  these  deposits  are  covered  by  layers  of  drift 
sand,  which  tend  further  to  preserve  them  from  decay. 
In  our  moist  climate  the  dung  of  the  sea  fowl  is  readily 
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washed  awav  by  the  rains,  so  that  eveti  where  sea  birds 
most  abound  no  considerable  quantity  of  guano  can  ever 
be  expected  to  collect. 

The  solid  part  of  the  droppings  of  birds  in  general, 
when  recent,  consists  chiefly  of  uric  acid^  with  a  little 
urate  of  ammonia,  and  a  variable  per*centage  of  phosphate 
of  lime  and  other  saline  compounds.  The  liquid  part, 
like  the  urine  of  other  animals,  contains  much  urea,  with 
some  phosphates,  sulphates,  and  chlorides.  The  uric  acid 
and  urea,  however,  gradually  undergo  decomposition,  and 
are  changed  into  carbonate  and  other  salts  of  ammonia. 
If  applied  to  the  land  when  this  stage  of  decomposition  is 
attained,  they  fonn  an  active,  powerful,  and  immediately 
operating  manure ;  but  if  allowed  to  remain  exposed  to 
the  air  for  a  lengthened  period  of  time,  the  salts  of  am- 
monia gradually  volatilize,  and  the  e£Bcacy  of  what  re- 
mains bec6mes  greatly  diminished.  Hence  the  guano 
which  is  imported  into  this  country  is  very  variable  in 
quality,  some  samples  being  capable  of  yielding  only  7 
per  cent,  of  ammonia,  while  others  are  said  to  give  as 
much  as  25  per  cent  Of  two  portions  taken  by  myself 
from  the  same  box,  the  one  contained  8  per  cent,  and  the 
other  only  1^  per  cent,  of  sand,  while  their  other  consti- 
tuents were  as  follows  : — 


1^.  per  cent. 

Water,  salts  of  ammonia, 
and  organic  matter  ex- 
pelled by  a  red  heat    .   28*5 

Sulphate  of  soda  ...      18 

Common  salt,  with  a  lit- 
tle phosphate  of  soda  .    80*3 

Phespbate  of  lime,  with 
a  little  phosphate  of 
magnesia  and  carbon- 
ate of  lime    ....  44*4 


100 


2^.  per  cent 

Ammonia 70 

Uric  acid 01) 

Water  and  carboaic  and 
oxalic  acids,  &c.,  ex- 
pelled by  red  heat  .  51*5 
Common  salt,  with  a  lit- 
tle sulphate  and  phos- 
phate of  soda  .  .  ]1*4 
Phosphate  of  lime«    .    .    20-8 


100 


Ob  the  ether  hand,  Dr.  Ure  gives  the  foDowiog  as  the 
average  result  of  his  analyses  of  genuine  guano  : — 
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Organic  matter  coDtaintog  nitrogeot  iDcluding  orate  df 
ammoniai  and  ca|>able  of  afibrdiiig  from  8  to  17  per  cent 
of  ammonia  by  slow  decomposition  in  the  aoil  •    &0 

Water 11 

Pboaphato  of  lime .    25 

Ammonia,  phosphate  of  magnesist  phosphate  of  ammonia, 
and  oxalate  of  ammoniat  containing  from  4  to  0  per 

cent,  of  ammonia 18 

Siliceous  matter  from  the  crops  of  the  birds    ...      1 

100* 
Others  have  found  sand  in  much  larger  proportion  than 
was  present  in  the  samples  examined  by  myself — while  it 
may,  I  think,  be  taken  for  granted,  that  very  little  of  what 
comes  to  this  country  is  so  rich  in  soluble  matter,  contain- 
iog  ammonia  or  its  elements,  as  is  represented  by  the 
aoaWsis  of  Dr.  Ure.t 

Variable  as  its  composition  is,  however,  there  Is  now 
no  doubt  that  any  of  the  samples  yet  brought  into  the 
English  market  may  be  advantageously  applied  as  a  ma- 
nure  to  almost  any  crop.  From  the  most  remote  period 
guano  has  been  the  chief  manure  applied  to  the  land  on 
the  parched  shores  of  Peru — and  at  the  present  day  it  ii 
not  only  employed  fur  the  same  purpose  m  the  provinces 
which  lie  along  the  coast,  but  it  is  also  carried  across  the 
desertof  Atacama  many  leagues  inland,  "on  the  backs 
of  mules  over  rough  mountain  paths,  and  at  a  ereat  ex- 

Ense,  for  the  use  of  the  agricultural  districts  of  Peru  and 
»iivia/'|    It  has  been  estimated  that  a  hundred  thou- 

^Bywayof  compariwOflinteft  hera  the  approxfaaato  compodtion  of 
the  Mlid  part  of  Um  excremeoia  of  tour  different  verieiiet  of  eegle,  ■«  ile> 
teimined  by  Coindet  :— 

S*Mffal  AaMrieaa  AaMrieHi  Oread  I 

Eente.  Beiitinf  Kagltb    Fiakisc  Eacle.        oiYtrmi 

Urieadd  .  .  .  89*79  .  .  90-37  .  .  84-65  .  .  88-71 
Ammonia  .  .  .  7*85  .  .  8*87  .  .  9lM>  .  .  8-55 
Pboephateoflime     836      .    .       0-76     .    .       e-15     .    .        S-74 

100  100  100  100  («) 

t  Hie  pretence  of  ammonia  in  guano  it  readily  aacerlained  by 
it  with  a  little  alaked  lime — ^when  the  odour  of  ammonia  will  lie 
djateiv  perceived,  and  will  be  atroog  in  pfopofftkm  to  the  qmntiiiy 
tained  in  the  guano. 
t  SiUiman's  Jcvrmdt  xliv.,  p.  10. 
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sand  quintals*  are,  at  the  present  day,  annaally  sold  in 
Peru.  There  also  the  quality  and  the  price  vary — the 
recent  white  g^ano  selling  usually  at  3s.  6d.,  the  more 
recent  red  and  gray  varieties  at  28.  3d.  per  cwt.  (Winter- 
feldt)t  In  this  country  the  latter — the  only  yariety  yet 
imported — sells  at  present  (1843),  at  about  lOs.  a  owt 

In  regard  to  the  effects  of  guano  upon  various  crops 
many  important  experimental  results,  obtained  in  1842, 
will  be  found  in  the  Appendix,  I  here  insert  a  few  of  the 
more  important  of  these,  along  with  some  others  made  in 
the  more  southern  counties,  which  appear  to  be  highly 
deserving  of  consideration. 


Shoeduh  Jhimtps, 

Produc*  p«r  Aow. 
tOM.  ewt. 


Top-4i«iMdwltk 

lo.  Fann>yard  dung    20    tons.  .  18 

Guano      •        •       8    cwt  •  23 

2<).  Farm-yard  dung    20    tons.  .  Id 

Guanof     .        .      2^  cwt  .  17 

Bones       •       •    92    bush.  .  15 


Loc«U^. 

11  >     Barochan,  near 
8  C  Paisley. 

^ll  Parish  of  Wraxall, 


Gnano6 

Rape-oust 

Bone-dust 

1^.  Guano 
Rape-dust 

U9,  Guano 
Rape-dust 
Bone-dust 

8^.  Guano 
Rape-dust 
Bone-dust 


YeUotc  Tumipt, 
6    cwt    .  82 
15    cwt    .  24 
80    bush.  .  17 

Potatoes, 


8 
1 
4 
1 

45 
4 
1 

45 


cwt 

ton. 

cwt 

ton. 

bush. 

cwt 

ton. 

bush. 


18 
12 
14 
10 
0 
18 
18 
18 


•11 


91 
0 


6 

0 

15 

14 

0 

14 


Barochan,  near 
Paisley. 


Barochan.  In  all 
these  cases  the 
manures  were 
put  in  aUme  with 
the  potato  cut- 
tings*  no  other  ma- 
nure being  after- 
wards added. 


As  a  top-dfessiDg  to  the  young  potato  crop  at  Erskine  in 
1642,  one  cwt  of  guano  per  acre  produced  no  important  increase. 
This  might,  however,  be  owing  to  the  extreme  dryness  of  the 
(see  Appendix). 


*  The  oidntal  b  equal  to  lOli  lbs.  avcMidiipois. 
t  For  raithorpBTiioiilan  ragudiog  goaao  tao  reader  is  referred  to  a  paper 
in  the  Jawmal  ^tke  Ro^  Agricultural  Sodetg^  II.,  p.  301. 
i  Mixed  widi  1  ewt  of  charcoal  powder. 
i  Mixed  widi  SO  bodieU  of  wood-aahea. 
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1^.  Qaano 
Ra|)e*dint 
UsdraMd 

20.  Guano 
Undressod 

S<>.  Quano 
Undreaaed* 

4*.  Guano 

Nitrate  of  soda 
Undreaaed 

60.  Guano     -    - 
Nitrata  of  aoda 
Undieaaed    - 

Guano     -    - 

Undreaaed    - 

1<».  Guano     -    - 
Undreaaed    - 

3^.  Guano     -    - 
Nitrate  of  aoda 
Undressed    «• 


wita 


Wktal. 

1  cwu  48    0  )  Leimoz  Love, 
16  ewt  51    0  >      Haddi]^g;lon — 

•  47^  0  )  drought  very  great 
8  cwt  30  40 


24  67 
82  20 


8 


2 

1 
1 


Guano     -    • 
Rape-dust     - 
Nitrate  of  aoda 
Undreaaed    • 


1^.  Guano     -    • 
Nitrate  of  aoda 
Undreaaed    - 

2o.  Guano     -    • 
Nitrate  of  aoda 
Undreaaed    - 


3 

16 

1 


Barley. 
cwt  -    • 

Oais. 
cwt  -    . 

"  •  to 

cwt  -     - 

cwt  -     - 

9ean$, 

cwt  - 
cwt  - 
cwt    • 


64 

47 

70 
52 
48 
50 
49 


i 


0 
15 

0 

0 

16 


Barocfaafi. 

Gardgiitbf  near 
Ayr. 

Erakine,  Ren^w* 
8hire.f 

Seisdon*  Worcea* 
terBhire.t 


BarockaiL 

Lennox  Love,  near 
Haddington. 

EnlLinet 
Renfrewahire. 


May, 


bwh. 

^^ 

35 
33 
29f 


Lennox  Love,  ttea;r 
Haddington. 


cwt 
cwt 

cwt 
cwt 


t«M. 

1 

2 
1 
2 

1 
1 


ewt. 

18 
10 

8 


10  i 


\ 


Barocliaa,  near 
Paialey. 

firskine, 
Renfrewshire. 


^1?^  nndrewed  cram  wai  of  Buperior  quaUtr,  yieldiitt  76*  par  c^na. 
^PSi**"'*.^^^*  "?  dreaMd  with  gunonve  enly  68f  tper^ent. 

T  Tlie  grun  dresMd  with  gouno  weu^  half  a  pound  per  Ini^el  k 
than  the  others. 


I  The  guano  gave  4  cwt  more  ttraw  than  the  nitrate,  and  U  cwt.  i 
wed.    Tlie  undreaaed  ^miaalBoweigbedhafir  a  povnd 


than  the  nndieased. ^     

per  boahel  than  either  of  the  other  two. 
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An  inspection  of  the  above  results  appear  to  indicate 
that  guano  is  more  uniformly  successful  with  root  crops, 
than  when  applied  as  a  top-dressing  to  corn  and  grasa* 
The  unusual  drought  which  prevailed  in  1842  no  doubt 
materially  diminished  its  action,  when  used  as  a  top- 
dressing — and  the  results  upon  the  com  crops  in  a  more 
moist  season  may  probably  prove  more  generally  favour- 
able to  its  use  as  an  economical  manure. 

Some  experiments  seem  already  to  indicate  that  the 
favourable  influence  of  guano  does  not  cease  with  the  first 
season.  If  the  phosphate  of  lime  which  they  contain 
operate  in  any  way  in  prolonging  the  fertilizing  operation 
of  bones,  the  large,  though  variable,  quantity  of  this  phot* 
phate  contained  in  ffuano  should  render  this  latter  sub^ 
stance  also  capable  of  permonently  improving  the  soil. 

By  exposure  to  the  air,  guano  gradually  gives  off  a  por- 
tion of  its  volatile  constituents ;  it  ought,  therefore,  to  b# 
kept  in  covered  vessels  or  casks.  It  also  in  our  cHmato 
absorbs  moisture  from  the  air,  and  therefore  should  b^ 
purchased  as  soon  as  possible  after  importation.  When 
applied  as  a  top-dressing  it  may  be  conveniently  mixed 
with  an  equal  weight  of  gypsum  or  wood-ashes — with 
charcoal  powder,  or  with  fine  dry  soil. 

§  10.  Of  liquid  animal  manures — the  urine  of  man,  of  the 
coWf  the  horse,  the  sheep,  and  the  pig. 

Of  natural  liquid  manures,  the  most  important  and  valu- 
able, though  the  most  neglected  and  the  most  wasted  also, 
consist  of  the  urine  of  man  and  of  the  animals  he  has  do* 
mesticated. 

The  efficacy  of  urine  as  a  manure  depends  upon  the 
quantity  of  solid  matter  which  it  holds  in  solution,  upon 
the  nature  of  this  solid  matter,  and  especially  upon  the 
rapid  changes  which  the  organic  part  of  it  is  known  to 
undergo.  The  following  table  exhibits  the  average  pro- 
portions of  water,  and  of  the  solid  organic  and  inorganic 
matters  contained  in  the  urine  of  man  and  some  other 
animals  in  their  healthy  state— and  the  average  quantity 
voided  by  each  in  a  day  :-^ 


244     SOLID  MATTBR  IN  THE  URINE  OV  DIFFSSENT  ANIMALS. 


UriM«r 

Water 

ia 
1000  parts. 

Solid  matter  in  1000  parta. 

Av<ar.  qaaa- 
ti^voMad 

Orfaale. 

laorfanie. 

TotaL 

Man 

Hone   .  . 
Cow      .  . 

Pig       .  .       .  . 
Sbeep   .  . 

e69» 

940 
030 
926 
960 

234 
27 
50 
56 

28 

7^ 
38 
20 
18 
12 

31 
60 
70 
74 
40 

3  lbs. 
8    « 
40f* 

• 

The  numbers  in  the  above  table  show  that  the  urine  of 
the  cow,  estimated  by  the  quantity  of  solid  matter  it  con- 
tains, is  more  valuable  than  that  of  any  other  of  our  do- 
mestic animals,  with  the  exception  of  the  pig.  But  the 
quantity  voided  by  the  cow  must  be  so  much  greater  than 
by  the  pig,  that  in  annual  value  the  urine  of  one  cow  must 
greatly  exceed  that  of  many  pigs. 

It  might  be  supposed  at  first  that  in  all  animals  the 
quantity  of  urine  voided  would  have  a  close  connection 
with  the  quantity  of  water  which  each  was  in  the  habit  of 
drinking.  But  this  is  by  no  means  the  case.  Thus  it  is 
the  result  of  experiment  that  in  man  the  drink  exceeds 
the  urine  voided  by  ctbatU  one-tenth  part  only — ^while 

or  water  in  S4  boan.  Of  ariaa  in  S4  hamn. 

A  horse,  which  drank  35  Ibs^  gave  only  3  lbs. 
A  cow,  which  drank   132  lbs.,  gave        18  Ibe^  and 
19  lbs.  of  milk  (Boussingault). 

How  very  large  a  quantity  of  the  liquid  they  drink  must 
escape  from  the  horse  and  the  cow  in  the  form  of  insensi- 
ble perspiration  !  That  this  should  be  very  much  greater 
indeed  than  in  man,  we  are  prepared  to  expect  from  the 
greater  extent  of  surface  which  the  bodies  of  these  au- 
mals  present. 

Let  us  now  examine  more  closely  the  composition  of 
urine,  the  changes  which  by  decomposition  it  readily 
undergoes,  and  tibe  effect  of  these  changes  upon  its  valise 
as  a  manure. 

*  Alfred  Beoouerel.  See  Thomami**  Animal  CkemiUry^  p.  477.  It  m 
to  be  observed  that  the  proportions  of  water  and  of  solid  matlar  in  mine 
vary  with  the  ibod,  and  with  a  great  variety  of  circmmttances. 

t  A  milk  cow  voids  less  than  this  in  a  proportion  which  varies  with  Am 

Jnantity  of  milk  she  jnves.    Boussingault  found  a  milk  cow  to  yield 
S  lbs.  of  wine  and  19  lbs  of  milk.— ilim.  de  Ckym,  H  H»  Pkm., ' 
m,  1S4.  ^  ^  1 
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lo.  Bunum  vnne.— The  exaet  compoaition  of  the  urine 
(^  a  healthy  individaal  id  its  usual  state  was  found  by  Ber^ 
zelius  to  be  as  follows  :— > 


Water         -       ,        .  088-0 

Phosphate  of  ammonia  -        1*6 

Urea    ....     801 

Common  salt       .        -        4*5 

Uricaeid      .        -       -       10 

Sal-ammoniac      •        •        1^6 

Free  lactic  acid*  lactate  of 

Phosphates  of  lime  and 

ainiiionia9&  animal  oiat- 

magnesia,  with  a  trace  of 

ternot  separable        -     171 

silica  and  of  fluoride  of 

Mucus  of  the  bladder  •       0-8 

calcium    -        -       -        1*1 

Sulphate  of  potash       -       8*7 

Sulphate  of  soda  -        •       8*2 

1000 

Phosphate  of  soda        -       2-9 

From  what  I  have  already  had  occasion  to  state  in  re- 
gard to  the  action  upon  living  plants,  of  the  several  sul- 
phates, phosphates,  and  other  saline  compounds,  mentioned 
m  the  above  analysis,  you  will  see  that  the  fertilizing  ac- 
tion of  urine  would  be  considerable,  did  it  contain  no 
other  solid  constituents.  But  it  is  to  the  urea  which  exists 
in  it  in  very  much  larger  quantity  than  any  other  substance, 
that  its  immediate  and  marked  action  in  promoting  vege- 
tation is  chiefly  to  be  ascribed.  This  urea  which  is  a  white 
salt-like  substance  consists  of — 

per  cent. 

Carbon    -  -  -  .  -  -  20*0 

Hydrogen  -  -  •  -  -  66 

Nitrogen    -  -  -  -  -  467 

Oxygen  -  -  -  •  -  -  26-7 

100 

It  is,  therefore,  far  richer  in  nitrogen  than  flesh,  blood, 
or  any  of  those  other  richly  fertilizing  substances,  of  which 
the  main  efficacy  is  supposed  to  depend  upon  the  large 
proportion  of  nitrogen  they  contain. 

But  urea  possesses  this  further  remarkable  property, 
thai  when  urine  begins  to  ferment, — as  it  is  known  to  do 
in  a  few  days  after  it  is  voided — ^it  chauDes  entirely  into 
carbonate  of  ammonia.*    Of  the  ammonia  thus  formed  a 

*  Thii  takes  place  by  tike  decompodfiioii  at  the  lame  tinM  of  two  atoms 
of  the  water  in  wbUh  it  ia  ^Uaiolved.    Thua  area  ia  Mpreaanted  by 

21» 
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portion  soon  begins  to  escape  into  the  air,  and  benoe  tbe 
strong  ammoniacal  odour  of  ferraenting  vrioe.  Tbis 
escape  of  ammonia  continues  for  a  long  period,  tbe  Ikpnd 
1»ecoroing  weaker  and  weaker,  and  consequently  less  yaln- 
able  as  a  manure  every  day  tbat  passes.  Experience  bas 
■bown  that  recent  urine  exercises  in  general  an  unfaTovr- 
able  action  upon  growing  plants,  and  tbat  it  acta  nooat 
beneficially  after  fermentation  has  freely  begun,  bat  the 
longer  time  we  suffer  to  elapse  after  it  has  reached  the 
ripe  state,  the  greater  the  quantity  of  valuable  manure  we 
permit  to  go  to  waste. 

2<^.  The  urine  tf  the  cow  has  been  analysed  in  several 
states  by  Sprengel,  with  the  following  results  in  1000 
parts: — 


Water 

Urea  ... 

Mucus  -        .        . 

Hippuric  and  lactic  acids 

Carbonic  acid 

Ammonia      i.        -        . 

Potash  ... 

Soda  -        .        . 

Sulphuric  acid 

Phosphoric  acid     • 

Chlorine       .        ,        - 

Lime  ... 

Magnesia 

Alumina,  oxide  of  iron, 
and  oxide  of  manga- 
nese 

Silica 


■•i 
- 


Allowed  to  AnMBt  for  lb«r  wMb 

FreftL 

inUie 

opoaair. 

A. 

B. 

0262 

9544 

..      984-9 

40O 

lOO 

60 

20 

04 

0*8 

61 

7-6 

6^ 

2-6 

1-7 

15-3 

21 

4-9 

16-2 

6-6 

6-6 

6-6 

5-5 

6-5 

&6 

4-0 

30 

S-3 

or 

0-S 

1-5 

27 

2-7 

2-7 

0-6 

trace 

tract 

04 

0^ 

0-4 

01 

trace 

— 

0-4 

0-1 

01 

1000  996^  099O* 

G«  H4  NsOi ;  two  of  wftter  by  2  H  O ;  and  carbonate  of  ammonia  by  N 
Hi4-C  Os ;  and  the  change  ii  thus  shonvn — 

Sof  9of 

Uroft.  Water       Carbonate  of  Ammooia. 

CaH4N9  09+2HO»2(NH8-fCOa.) 
*  The  imall  quantity  necessary  to  make  up  Uie  1000  pafts  in  the  two 
Utter  analyses  consisted  of  a  deposit  of  caibonete  and  pbosphate  of  line 
and  other  earthy  matters  which  had  gradually  been  jfonned,  and  of  a 
of  vinegar  and  of  sulphuretted  hydtogen. — See  Sprengel,  Mu^ 
^o",  pp.  107  to  110. 
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The  first  variety  of  fermented  urine  (A.),  had  stood  four 
weeks  in  the  air  in  its  natural  state  of  dilution ;  the  second 
(B.)y  had  been  mixed  while  recent  with  an  equal  bulk  of 
water — which  is  again  deducted  from  it  in  the  analysis— 
with  the  view  of  ascertaining  how  far  such  an  admixture 
would  tend  to  retain  the  volatile  ammonia  produced  by 
the  natural  decomposition  of  the  urea. 

An  inspection  ot  these  tables  shows  three  facts  of  im- 
portance to  the  agriculturist — 

1°.  That  the  quantity  of  urea  in  the  urine  of  the  cow 
is  considerably  greater  than  in  that  of  man.  2^.  That  as 
the  urine  ferments  the  quantity  of  urea  diminishes,  while 
that  of  ammonia  increases — owing,  as  I  have  already 
stated,  to  the  gradual  decomposition  of  the  urea,  and  its 
conversion  into  carbonate  of  ammonia ;  and,  3^.  That  by 
dilution  with  an  equal  bulk  of  water  the  loss  of  this  car- 
bonate of  ammonia,  which  would  otherwise  naturally  take 
place,  is  in  a  considerable  degree  prevented.  T^e  quan- 
tity of  ammonia  retained  hy  tJie  urine,  after  diluHon,  was 
in  the  tame  circumstances  nearly  three  times  €ts  great  as  when 
it  was  allowed  to  ferment  in  the  state  in  which  it  came  from 
the  cow. 

But  even  by  this  dilution  the  whole  of  the  ammonia  is 
not  saved.  One  hundred  parts  of  urea  form  by  their  de- 
composition 56^  parts  of  ammonia,  and  as  36  parts  of  the 
urea  in  the  urine  B.  had  disappeared,  there  oueht  to  have 
been  in  its  stead  19  parts  of  ammonia  in  addition  to  that 
which  the  urine  contained  in  its  recent  state,  or  21  parts 
in  all — whereas  the  table  shows  it  to  have  contained  only 
16  parts.  Even  when  diluted  with  its  own  bulk  of  water, 
therefore,  the  urine  had  lost  by  fermentation  in  the  open 
air  upwards  of  one-fourth  of  the  ammonia  produced  in  it 
during  that  period.  This  shows  the  necessity  of  causing 
our  liquid  manures  to  ferment  in  covered  cisterns,  or  of 
adopting;  some  other  means  by  which  the  above  serious 
loss  of  the  most  valuable  constituents  may  be  prevented. 

3°.  The  urine  of  the  horse,  she^t  and  pig  have  not  been 
so  carefully  analyzed  as  that  of  the  cow.  They  consist 
essentially  of  the  same  constituents,  and  the  specimens 
which  have  been  examined  were  found  to  contain  the 
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three  moit  iraportitnt  of  these  in  the  following  prepor- 
tion«:— 


Hone* 

8hMp. 

■^* 

Water 

940 

960 

•  • 

9& 

Urea 

71 

28 

•  • 

56 

Saline  substances 

53 

12 

•  • 

18 

1000  1000  1000 

Some  of  the  saliue  substances  present  in  the  urine,  as 
above  stated,  contain  nitrogen.  This  is  especially  the  case 
in  the  urine  of  the  horse,  so  that  the  quantity  of  urea  aboTe 
given  is  not  to  be  considered  as  representing  the  true 
ammonia-prod  a cing  power  of  the  urine  of  this  animal.  The 
urine  of  the  pig,  if  the  above  analysis  is  to  be  relied  upon 
as  any  thing  like  an  average  result,  is  capable  of  producing 
more  ammonia  from  the  same  quantity  than  that  of  any 
other  of  our  domestic  animals. 

§  11.  Of  the  waste  of  liquid  manure^'of  urate,  and  of 

ivlpkated  urine, 

1^.  Woite  of  human  urine, — The  quantity  of  solid  oaat- 
ter  contained  in  the  recent  urine  voided  in  a  year  by  a  naan, 
a  horse,  and  a  cow,  and  the  weight  of  ammonia  they  are 
respectively  capable  of  yielding,  may  be  represented  as 
follows  x-^- 


Qaantity  of 

Solid 

Containiiig 

And  yieldiqg 

nrine. 

matter. 

of  area. 

ofammoiTO, 

Man 

-     1,000  lbs 

67  lbs 

SOlbB. 

171be. 

Horse 

.    1,000 

60 

1 

1 

• 

Cow 

-  13,000 

900 

400 

280* 

*  The  numbers  nven  above,  and  in  p.  244,  are  calculated  ftom  the 

lysis  of  the  urine  of  the  horse  by  Ftmrcroy  and  Vaumuiin^  and  of  that  of  the 
cow  by  Sprengsl.  Boussingaiilt,  however,  obtained  very  different  results. 
Thus  a  oow  and  a  horse,  on  wliich  his  experiments  were  made,  yielded  a 
quantity  of  urine  which  in  a  year  would  have  amounted  to,  and  would  have 
contained,  in  poundt — 

CoDtsiaiiif  ef  Cspabk  b^ 

Qjummtitw      Solid  matter  Inorfank  Nitro-  yietdiii] 

^         ^'         (totsL)  msttor.  mn.  mnmo 

Cow     -    6570  773  909  29  35 

Horse    -    1100  243  89  3D 


The  oow  yielded,  at  the  same  tune,  19  lbs.  of  milk  each  day,  which  ac- 
eoonts  for  the  smaller  proportion  of  urine  voided  than  is  given  in  the  text. 
It  is  reniMinUe,  however,  that  the  quantity  of  aitrageii  contained  in 
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How  much  of  all  this  enriching  matter  is  permitted  to 
run  to  waste  1  The  solid  substances  contained  in  urine, 
if  all  added  to  the  land,  would  be  more  fertilizing  than 
guano,  which  now  sells  Bt  £10  a  ton.  If  we  estimate  the 
urine  of  each  individual  on  an  average  at  only  600  lbs., 
then  there  are  carried  into  the  common  sewers  of  a  city 
of  15,000  inhabitants,  a  yearly  weight  of  600  thousand 
pounds,  or  270  tons,  of  manure,  which,  at  the  present 
price  of  guano,  is  worth  <£2700 — which  would,  no  doubt, 
prove  more  fertilizing  than  its  own  weight  of  guano,  and 
might  be  expected  to  raise  an  increased  produce  of  not 
less  than  1000  Quarters  of  grain. 

The  saving  ot  all  this  manure  would  be  a  sreat  national 
benefit,  thoagh  it  is  not  easy  to  see  by  what  means  it 
could  be  effectually  accomplished.  What  is  thus  carried 
off  by  the  sewers,  and  conveyed  ultimately  to  the  sea,  is 
drawn  from  and  lost  by  the  land,  which  must,  therefore,  to 
a  certain  extent,  be  impoverished.  Can  we  believe  that 
in  the  form  of  fish,  of  sea-tangle,  or  of  spray,  the  sea  ever 
delivers  back  a  tithe  of  the  enriching  matter  it  daily  re- 
ceives from  the  land  t 

2^.  Vrate.^-In  order  to  prevent  a  portion  of  this  waste* 
the  practice  has  been  introduced  into  some  larffe  cities  of 
collecting  the  urine,  adding  to  it  one-seventh  of  its  weight 
of  powdered  gypsum,  allowing  the  whole  to  stand  for 
some  days,  pourins  off  the  liquid  and  drying  the  powder. 
Under  the  name  m  urate  this  dry  powder  has  been  highly 
extolled,  but  it  can  contain  only  a  small  portion  of  what 
is  really  valuable  in  urine.  The  liquid  portion  poured  off 
must  contain  most  of  the  soluble  ammoniacal  and  other 
salts,  and  even  were  the  whole  evaporated  to  dryness,  the 

eqoal  weight  of  the  urine  of  the  hone  was  in  this  ceie  eo  much  ffreeter 
tluui  in  that  of  the  oow— end  that  the  whole  amount  which  would  have 
been  yielded  by  that  of  the  cow  in  a  year  ■hoold  be  ao  Yory  much 
leoa  than  in  the  reaolt  obtamed  by  8prengeL  The  milk  did  not  oontain 
nitrogen  raffident  to  yield  more  than  45  Ibe.  of  ammonia,  and  tMa,  added 
to  the  35  Ibe.  ftom  the  nrine,  makes  only  80  lbs.  in  all— whereas  Sprengel 
chres  S30  lbs.  as  the  quantity  which  recent  urine  is  capable  of  yielding. 
This  remarkable  difference  must  be  ascribed  either  to  an  actual  loss  of 
volatile  matter  by  the  urine  analysed  by  fiouasinganlt,  or— which  is  more 

probable— to  a  difference  in  the  quality  of  the  foS  on  which  the  two  ani- 
mals were  fed. 
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gjpsum  does  not  act  so  rapidly  in  fixing  the  ammonia  as 
to  prevent  a  considerable  escape  of  this  compound  as  the 
fermettiation  of  the  urine  proceeds. 

3^.  Sulphated  urine, — A  method  of  more  apparent  pro- 
mise is  that  now  practised  by  the  Messrs.  Tumbully  of 
Glasgow,  of  adding  diluted  sulphuric  acid  to  the  urine  as 
the  ammonia  is  formed  in  it,  and  subsequently  evaporating 
the  whole  to  dryness.  From  the  use  of  this  substance 
very  favourable  results  may  be  anticipated.*  Still  none 
of  these  preparations  will  ever  equal  the  urine  itself,  part 
of  the  efficacy  of  which  depends  upon  the  perfect  state  of 
solution  in.  wliich  all  the  substances  it  contains  exist,  and 
upon  the  readiness  with  which  in  this  state  they  make 
their  way  into  the  roots  of  plants. 

4^.  Lass  of  cotos*  urine. — When  left  to  ferment  for  five 

or  six  weeks  alone,  and  with  the  addition  of  an  equal 

bulk  of  water,  the  urine  of  the  cow  loses,  as  we  have  seen, 

a  considerable  proportion  of  volatile  matter,  and  in  tbeaa 

several  states  will  yield  in  a  year — 

Solid  matter.  TielcUng  of  ttmnank. 
Recent  urine                   -        -    900  lbs.  226  Iba. 

Mixed  with  water,  after  6  weeks    850  . .  200  •  • 

Unmixed,  after  6  weeks         -    550  . .  SO  .  • 

Those  who  scrupulously  collect  in  tanks,  and  preserve 
the  liquid  manure  oi  their  stables,  cow-houses  and,  fold* 
yards,  will  see,  from  the  great  loss  which  it  undergoes  by 
natural  fermentation,  the  propriety  of  occasionally  washing 
out  their  cow-houses  witn  water,  and  by  thus  diluting  the 
liquid  of  their  tanks,  of  preserving  the  immediately  ope- 
ratinff  constituents  of  their  liquid  manure  from  escaping 
into  the  air.  Even  when  thus  diluted  it  is  desirable  to 
convey  it  on  to  the  land  without  much  loss  of  time,  since 
even  in  this  state  there  is  a  constant  slow  escape,  by 
which  its  value  is  daily  diminished.  Qypsum,  sulpnate  of 
iron,  and  sulphuric  acid  are,  by  some,  added  for  the  pur^ 
pose  ofjixing  the  ammonia,  but  in  addition  to  diluting  it, 

*  The  Metirt.  Tumbull  inform  me  that  with  this  tuJpkaitd  mrmm,  under 
the  inoorrect  name  of  auilphaU  of  ommoiita,  the  eipeiiments  of  Mr.  BoriMC 
were  made  (PartIIJL,p. !«),  at  well  ai  tboaeof  Mr.  Fleninf  and  Mr.  Alex- 
Mider,  detailed  in  the  Appendix. 
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an  admixture  of  rich  Tegetable  soil,  and  especially  of 
peat,  will  be  much  more  economical,  and,  except  in  so 
far  as  the  gypsum  or  sulphuric  acid  themselves  act  as  ma- 
nures, nearly  as  effectual. 

But  these  remarks  apply  only  to  the  liquid  manure 
when  collected.    How  much  larger  a  waste  is  incurred 
by  those  who  make  no  effort  to  collect  the  urine  of  their 
cow-houses  or  stables !     The  recent  urine  of  one  cow  is 
▼ahied  in  Flanders,  where  liquid  manures  are  highly  es- 
teemed, at  40s.  a  year.     It  contains  on  an  average,  as  we 
have  seen,  900  lbs.  of  solid  matter,  and  this,  estimated  at 
the  price  of  guano  only,  is  worth  at  present  ^4.  sterling. 
Multiply  this  by  eight  millions,  the  number  of  cattle  said 
to  exist  in  the  United  Kingdom,  and  we  have  32  millions 
of  pounds  sterling,  as  the  value  of  the  urine,  supposing  it 
to  be  worth  no  more  than  the  foreign  guano.    It  is  impos- 
sible to  estimate  how  much  of  this  runs  to  waste,  but  one- 
tenth  of  it  will  amount  to  nearly  as  much  as  the  whole 
income-tax  recently  laid  upon  the  country.    The  practical 
farmer  who  uses  every  effort  to  collect  and  preserve  the 
manure  which  nature  puts  within  his  reach,  is  deserving 
of  praise  when  he  expends  his  money  in  the  purchase  of 
manures  brouriit  from  a  distance,  of  whatever  kind  they 
may  be ;  but  he,  on  the  other  hand,  is  only  open  to  cen- 
sure who  puts  forward  the  purchase  of  foreign  manures  as 
mn  excuse  fbr  the  neglect  of  those  which  are  running  to 
waste  around  him.   Let  every  stock  farmer,  with  the  help 
of  the  facts  above  stated,  make  a  fair  calculation  of  what 
is  lost  to  himself  and  to  the  country  by  the  hitherto  un- 
heeded waste  of  the  urine  of  his  cattle,  and  he  will  be 
able  clearly  to  appreciate  the  importance  of  taking  some 
steps  fbr  preseving  it  in  future. 

§  12.  Of  solid  animal  fnanure^^'^ighi  soilf  the  dung  if 
the  cowf  the  honey  the  sheep,  and  the  pig. 
1^.  ^Kght  soil  is  in  general  an  ezceedinffly  rich  and 
valuable  manure,  but  its  disagreeable  odour  nas  in  most 
countries  rendered  its  use  unpopular  among  practical 
men.  This  unpleasant  smell  may  be  in  a  great  measure 
removed  by  mixing  it  with  powdered  charcoal  or  with 
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half-charred  peat,  a  method  which  is  adopted  in  the  ma* 
Dufacture  of  certain  artificial  manures.  Quick-lime  is  in 
some  places  employed  for  the  same  purpose,  but  though 
the  smell  is  thus  got  rid  of,  a  large  portion  of  the  volatile 
ammonia  produced  durinff  the  decomposition  of  the  ma- 
nure is  at  the  same  time  driven  off  by  the  lime. 

In  genera],  night  soil  contains  about  three-foarths  of  its 
weight  of  water,  and  when  exposed  to  the  air  undergoes  a 
very  rapid  decomposition,  gives  off  much  volatile  matter, 
consisting  of  ammonia,  of  carbonic  acid,  and  of  sulphuret- 
ted and  phosphuretted  hydrogen  gases,  and  finally  loses 
its  smell.  In  the  neighbourhood  of  many  large  cities  the 
collected  night  soil  is  allowed  thus  naturally  to  ferment 
and  lose  its  smell,  and  is  then  dried  and  sold  for  manure, 
under  the  name  ofpoudrette. 

But  by  this  fermentation  a  very  large  proportion  of 
valuable  matter  is  permitted  to  escape  into  the  air.  To 
retain  this,  gypsum  or  dilute  sulphuric  acid  may  be  added 
to  the  night  soil,  but  the  more  economical  and  generally 
practicable  method  is  to  mix  it  with  earth  rich  in  vegetaUe 
matter,  with  partially  dried  peat,  with  saw-dust,  or  with 
some  other  readily  accessible  absorbent  substance.  In 
this  Way  a  rich  and  fertilizing  compost  will  be  obtained, 
which  will  have  little  smell,  and  yet  will  retain  moat  of 
the  virtues  of  the  original  manure. 

In  China,  the  fresh  night  soil  is  mixed  up  with  clay  and 
formed  into  cakes,  which  when  dried  are  sold  under  the 
name  of  Tafb,  and  form  an  extensive  article  of  commerce 
in  the  neighbourhood  of  the  larger  cities. 

The  composition  of  night  soil,  and  consequently  its 
value  as  a  manure,  varies  with  the  food,  and  with  many 
other  circumstances  (Part  III.,  p.  259.)  The  excrements  of 
a  healthy  man  were  found  by  Berzelius  to  consist  of — 

Water      . .           . .           . .           . .  733 

Albumen .  •            .  •                         •  •  9 

xSiie         «.           ••           ..           «.  V 

Mucilage,  fat,  and  other  animal  matters  167 

Saline  matter         . ,           • .           . .  12 

Uq  decomposed  food            .  •           . .  70 

1000 
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Of  the  excrement  when  freed  from  water  1000  parts 
left  132  of  ash,  consisting  of— 

Carbonate  of  Soda  • .  . .  •  .        8 

Sulphate  of  Soda,  with  a  little  Sulphate  )     ^ 

of  Potash,  and  Phosphate  of  Soda        (     ^ 
Phosphate  of  Lime  and  Magnesia,  and  a  >  j^qq 

trace  of  Gypsum  . .  . .  s 

Silica        . «  •  •  • .  - .       16 

132 

2o.  Caw  dung  forms  by  far  the  largest  proportion  of  the 
animal  manure  which  in  modern  agricalture  is  at  the  dis- 
posal of  the  practical  farmer.  It  ferments  more  slowly 
than  night  soil,  or  than  the  dung  of  the  horse  and  the  sheep. 
In  fermenting  it  does  not  heat  much,  and  it  gives  off  little 
of  an  unpleasant  or  ammoniacal  odour.  Hence  it  acta 
more  slowly,  though  for  a  longer  periodi  when  applied  to 
the  soil. 

The  slowness  of  the  fermentation  arises  chiefly  from 
the  smaller  quantity  of  nitrogen,  or  of  substances  con- 
taining nitrogen,  which  are  present  in  cow  dung,  but  in 
part  also  from  the  food  swallowed  by  the  cow  being  less 
perfectly  masticated  than  that  of  man  or  of  the  horse.  It 
18  a  consequence  of  this  slower  fermentation  that  the  same 
evolution  of  ammoniacal  vapours  is  not  perceived  from 
the  droppings  of  the  cow  as  m>m  night  soil  and  from  horse 
dung.  Yet  by  exposure  to  the  air,  it  undei^oes  a  sensible 
loss,  which  in  40  days  has  been  found  to  amount  to  ^r& 
per  cent  or  nearlv  one-fifbh  of  the  whole  solid  matter 
which  recent  cow-dung  contains.*  (Gazzeri.)  Although, 
therefore,  the  comparatively  slow  fermentation  as  well  as 
the  softness  of  cow  dung  fits  it  better  for  treading  amonr 
the  straw  in  the  open  farm-yard,  yet  thd  serious  loss  which 
it  ultimately  undergoes  will  satisfy  the  economical  farmer 
that  the  more  effectually  he  can  keep  it  covered  up,  or  the 
flooner  he  can  gather  his  mixed  dung  and  straw  into  heaps, 

*  Cow  duog  cootittiiig  of  75  of  water  and  25  of  dry  soUd  natter,  of 
which  latter  5  duappear. 

PART  in.  23 
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Uie  gratter  proportion  of  tfaia  valiiable  manure  will  be  re- 
tain for  the  future  enricbing  of  his  fields. 

3^.  Horse-dung  is  of  a  wanner  nature  than  that  of  the 
cow.  It  heats  sooner,  and  evolves  much  anmionia,  not 
merely  because  it  contains  less  water  than  cow  dung,  but 
because  it  is  generally  also  richer,  in  those  organic  com- 
pounds of  which  nitrogen  forms  a  constituent  part.  Even 
when  fed  upon  the  same  food  the  dung  of  tbe  horse  will 
be  richer  than  that  of  the  cow,  because  of  tbe  greater  pro- 
portion of  the  food  of  tbe  latter  which  is  dischargea  in 
the  large  quantity  of  urine  it  is  in  tbe  habit  of  voiding 
(Part  III.,  p.  269.) 

In  the  short  period  of  24  hours  horse-dung  beats  and 
begins  to  suffer  loss  by  fermentation.    If  left  in  a  heap 
for  two  or  three  weeks  scarcely  seven-tenths  of  its  origi* 
nal  weight  will  remain.     Hence  the  propriety  of  early  re- 
moving it  from  the  stable,  and  of  mixing  it  as  soon  as  pot* 
sible  with  some  other  material  by  whidi  the  volatile  sub- 
stances given  off  may  be  absorbed  and  anrested.     Tbe 
oolderand  wetter  cow  orpig'sdung  will  answer  well  for  tbia 
purpose,  or  soil  rich  in  vegetable  matter,  or  peat  or  sawdust, 
or  powdered  charcoal,  or  any  other  absorbent  snbstanos 
which  csu  readily  be  obtained-*-or  if  a  chemica]  agentbe pre- 
ferred, moistened  sypsum  may  be  sprinkled  amongit,  or  cuhi- 
ted  sulphuric  acid!  xhere  is  undoubtedly  grMt  loss  experi- 
enced from  tbe  general  neglect  of  night  swl,  but  in  noat 
cases  the  dung  of  the  horse  might  also  be  rendered  a 
source  of  much  greater  profit  than  it  has  hitherto  been. 

The  warmth  of  horse  dung  fits  it  admirably  for  bring- 
ing other  substances  into  fermentation.  liVith  peat  or 
sawdust  it  will  form  a  rich  compost,  and  to  soils  which 
contain  much  inert  vegetable  matter  it  can  be  applied  vridi 

great  advantage.    Horte  and  cew  dung,  in  the  dry  state, 
ave  been  subjected  to  ultimate  analysis  by  Boussinganlt.* 
with  the  following  results :— - 

*  Annaltt  de  Ckim.  el  de  Phy$.  Ixv.,  pp.  122  mnd  134. 
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Carbon 
Hydrogen   - 
Oxygen      - 
Nitrogen    • 
Aihes 


Water* 


Dung  of  the 
Hone. 

Deng  of 

a  MUk  Cow 

-    887 

42-8 

.      61 

5-2 

-    87-7 

377 

.      2-2 

2-8 

-    l«-8 

12-0 

100 

100 

800 

606 

400  666 

The  proportion  of  nitrogen  contained  in  the  two  ma* 
nures,  according  to  these  results  is  so  nearly  alike— -being 
in  reality  greater  in  the  cow  dung—that  were  we  to  con- 
aider  the  above  numbers  to  represent  the  average  consti- 
tution of  the  droppings  of  the  horse  and  cow,  we  should 
be  compelled  to  ascribe  the  difference  in  their  qualities 
solely  to  the  different  states  in  which  the  elements  exist 
in  the  two,  and  to  the  proportions  of  water  they  respec* 
tively  contain.  But  the  nature  of  the  food  and  other  cir- 
cumstances affect  the  quality  of  these  manures  so  much 
(Part  III.,  p.  259,)  that  we  cannot  as  jet  draw  any  gene- 
ral conclusion  from  the  results  obtained  in  one  special 
case. 

1^.  Pig^e  dung  is  still  colder  and  less  fermentable  than 
that  of  the  cow.  It  is  characterized  by  an  exceedingly 
unpleasant  odour,  which  when  applied  to  the  land  alone  it 
imparts  to  the  crops,  and  especially  to  the  root  crops  which 
are  manured  with  it.  Even  tobacco,  when  manured  with 
pig's  dung,  is  said  to  be  so  much  tainted  that  the  leaves 
subsequently  collected  are  unfit  for  smoking.t  It  is  a 
good  manure  for  hemp  and  other  crops  not  intended  for 
rood,  but  is  best  employed  in  a  state  of  mixture  with  the 
other  manures  of  the  farm-yard. 

*  Recent  hone  dang  loting  75  per  cent,  of  wsier  by  drying,  of  cow  dung 
75  percent, 
t  Sprengel,  Lekre  vom  Dknger^  p.  38. 
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50.  8hMp*i  dmtg  18  a  ridi  dry  manure  which  fenneots 
more  readily  than  that  of  the  cow,  but  leas  so  than  that  of 
the  horse.  A  specimen  examined  by  Zierl  consisted 
of— 

Water 68*0  per  cent. 

Animal  and  vegetable  matter    •        -        19*3 
Saline  matter,  or  ash       ...        12*7 


100 


The  food  of  the  sheep  is  more  finely  masticated  tiian 
that  of  the  cow,  and  its  dung  contaios  a  little  leas  water, 
and  is  probably  richer  in  nitrogen  ;  hence  its  more  rapid 
fermentation.  When  crops  are  eaten  off  by  sheep,  their 
manure  is  more  evenly  spread  over  the  field,  and  is,  at  the 
same  time,  trodden  in.  When  thus  spread  it  decomposea 
more  slowly  than  when  it  is  collected  into  heaps,  and  the 
ammonia  and  other  useful  products  of  the  decompositioa 
are  absorbed  in  great  part  by  the  soil  as  they  are  produced. 
Those  soils,  in  which  a  considerable  quantity  of  vegetable 
matter  is  already  present,  are  said  to  be  most  benefitted 
by  sheep's  dung,  because  of  the  readiness  with  which  they 
absorb  the  volatile  matters  it  so  soon  begins  to  give  off 

Sheep's  dung  is  said  to  lengthen  the  straw  of  the  com 
crops,  and  to  produce  a  grain  rich  in  gluten«-and  unfit 
therefore  for  seed,  for  the  manufacture  of  starch,  or  fi>r 
the  purposes  of  the  brewer  and  the  distiller  (Sprengel). 
It  may  be  doubted,  however,  whether  these  can  as  yet  be 
safely  considered  as  the  universal  effects  of  sheep's  dung 
upon  every  soil,  and  when  the  animals  are  fed  upon  every 
kind  of  food. 

§  13.     Of  the  quantity  of  manure  proctuced  Jrom  the  tfoaie 
kinds  of  food  hy  the  horse,  the  cow,  and  the   sheep. 

The  carefully  conducted  experiments  of  Block  give 
the  fbllowing  as  the  total  quantities  of  manure,  solid  and 
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liquid*  produced  from  100  lbs.  of  the  dtflTerent  kinds  of 
food  by  the  cow,  the  horse,  and  the  sheep  : — 


• 

Froail001to.or 

Quantity  of  naaar*  In  Hm.,  producad  by 

WeteriB 
the  manure. 

the  Cow.     I 

tk«  Horae. 

the  Sheep. 

frMh. 

dried. 

firMh.  dried. 

freeh. 

dried* 

pereent 

Rye 

212 

53 

75 

Oats 

.^_ 

.... 

204 

51 

.— 

.«.. 

75 

Rye  and    other  > 
8traw8(chopped)  ( 

268 

43 

168 

42 

117 

40 

66  to  84 

Hay 

275 

44 

172 

43 

128 

42 

do,    do. 

Potatoes     (con- 1 

taining  72  per  > 

87J 

14 

— 

— 

13 

do.    da 

cent,  of  water)  ) 

Turnips    (con-   ) 

taining  75  per  > 

87* 

6 

— 

— 

— 

— 

84 

cent  of  water)  ) 

Carrots  (87  per) 
cent,  of  water  \ 

37* 

6 

-— 

— 

— 

— 

84 

Green  Clover(70  1 
pr.ct  of  water)  ) 

65J 

^i 

— 

— 

— 

— 

86 

•tlMBdmjM. 

eft.3weekt. 

■ItSweeka. 

Rye  Straw  (used  ) 
for  bedding)     ] 

938 

69 

209 

97 

206 

05 

54  to  64 

One  important  theoretical  result  is  presented  by  this 
table — that  the  manure  voided  hy  an  animal  eontaisu  very 
mtuh  his  solid  matter  than  the  food  it  has  consumed.  We 
shall  presently  see  how  this  fact  is  to  be  explained 
(Part  III.,  p.  262),  and,  at  the  same  time,  what  light  it 
throws  upon  the  quality  of  the  manure  produced. 

The  most  valuable  practical  results  from  the  above  ex- 
periments are — 

l^'.  That  for  100  lbs.  of  dry  fodder  the  horse  or  the  cow 
will  give  on  an  average  216  lbs.  of  fresh,  or  46  lbs.  of  dry 
manure— the  sheep  128  lbs.  mobt  or  43  lbs  dry. 

20.  That  root  crops,  on  an  average,  give  about  half 

22» 
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their  weight  of  fresh,  or  one-twelfth  of  dry  manure— the 
potato  giving  more  and  the  turnip  less. 

3^.   That  green  crops  give  about  half  their  weigbt  of 
fresh  or  one-eighth  of  dry  manure. 

§  14.     Of  the  relative /ertUizing  values  of  difereniamnud 

excretions. 

1^.  The  theoretical  value  of  different  animal  excre- 
tions calculated  scldy  from  the  quantity  of  nitrogen  which 
the  specimens  examined  were  found  respectively  to  con- 
tain, is  thus  given  by  Payen  and  Boussingault.  The 
numbers  opposite  to  each  substance  indicate  the  weights 
of  that  substance  which  ought  to  produce  an  equal  elect 
with  100  lbs.  of  farm-yard  manure  in  the  recent  and  in 
the  dry  states: 

Ecjual  effecte  ought  to  be  prodaeed  by 
intfad  dry  state.         artifieial  dried. 


Farm-yard  dung 

* 

100  lbs. 

100  lbs. 

Cow 

- 

125  .. 

84  .. 

Da  urine 

- 

91  .. 

51  .. 

Horse 

• 

74  .. 

88  .. 

Mixed  excrements  of  the 

• 

Pig        -        . 

- 

63  .. 

do     •   e 

Horse    - 

- 

54  .. 

64  .. 

Sheep   - 

- 

96  •  • 

65  .. 

Pigeon  - 

m 

5  .. 

23  .. 

Poudrette 

- 

10^.. 

44  .. 

Another  variety 

- 

26  .. 

73  .. 

Too  much  reliance  is  not  in  any  case  to  be  placed  upon 
the  principle  of  classifying  manures  solely  by  the  proportion 
of  nitrogen  they  contain  (Part  III,  p.  216  &  235) — ^much 
\jdM&  can  we  depend  upon  the  order  of  value  it  assigns  to 
substances,  the  composition  of  which  is  liable  to  constant 
change  from  the  escape  of  those  volatile  compounds  in 
which  the  nitrogen  pnncipally  exists. 

2<).  A  series  of  experiments  made  by  Herrobst&dt  upon 
Uie  quantity  of  rain  of  different  kinds,  raised  in  the  same 
circumstances  by  equal  weights  of  different  manures,  gave 
die  following  results :— 
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Number  of  leedi  reaped  from 


Manure  applied. 

Wheat. 

Barley. 

Oatii. 

Rye. 

Ox  blood 

14 

16 

12* 

14 

Night  soil 

— 

13 

i4 

l^ 

Sheep's  dang 

13 

16 

14 

13 

Human  urine 

— 

13i 

13 

13 

Hone  dung 

10 

13 

14 

11 

Pigeon  dung 

— 

10 

12 

0 

Cow  dung 

7 

11 

16 

9 

Vegetable  matter 

3 

7 

13 

6 

Unmanured 

— 

4 

5 

4 

If  the  results  contained  in  this  table  were  to  be  de- 
pended apon,  it  would  appear  that,  in  so  far  as  the  quan- 
tity of  the  produce  is  concerned,  these  manures  seve- 
rally exercise  a  special  action  upon  certain  crops — that 
night  soil,  for  example,  is  most  propitious  to  rye,  cow 
dung  to  oats,  and  sheep's  dung  to  barley  and  wheat.  And 
the  latter  fact  would  seem  at  once  to  justify  and  to  recom- 
mend the  eating  off  with  sheep  preparatory  to  either  of 
the  latter  crops. 

None  of  these  kinds  of  manure,  however,  is  constant  in 
composition,  and  the  following  observations  will  satisfy 
you  that  implicit  reliance  ought  not  to  be  placed  either 
upon  the  relative  practical  values  of  the  different  animal 
manures  as  they  appear  in  the  latter  table,  nor  on  their 
theoretical  values  as  exhibited  in  the  fbrmer. 

§  15.    Influence  of  circunutances  on  the  auALiTT  of  animal 

manures. 

The  quality  of  the  droppings  of  animals  considered  as 
manures  is  affected  by  a  great  variety  of  circumstances-^ 
such  as 

.  lo.  By  the  kind  qf/ood  upon  which  the  animal  it  fed.^^ 
Thus  night  soil  is  more  valuable  in  those  countries  and 
districts  in  which  much  flesh  meat  is  consumed,  than  where 
vegetable  food  forms  the  principal  diet  of  the  people.  It 
is  even  said  by  Sprengel,  that  in  the  neighbourhood  of 
Hildesheim,  the  farmers  give  a  higher  price  for  the  house 
manure  of  the  Lutheran  than  for  that  of  the  Roman  Ca- 
tholic^fiunilies,  because  of  the  numerous  fasts  which  the 
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latter  are  required  to  observe.*  Every  keeper  of  stock 
also  knows  that  the  manure  in  the  farm-yard  is  richer 
when  he  is  feeding  his  cattle  upon  oil-cake,  than  wlien  he 
gires  them  only  the  ordinary  produce  of  his  farni.t 

2o,  By  the  quantity  of  urine  voided  by  the  a$UmaL — 
Upon  the  unlike  quantities  of  urine  they  produce 
appears  mainly  to  depend  the  unlike  richness  of  tbo 
dung  of  the  horse  and  of  the  cow.  .  The  latter  ani- 
maiy  when  full  grown  and  not  in  milk,  voids  neeilj 
13  times  as  much  urine  as  the  former  (Part  JIT.,  p. 
244),  and  though  an  equal  bulk  of  this  urine  is  poorer 
in  solid  matter,  yet  the  whole  quantity  contains  several 
times  as  much  as  is  present  in  that  of  the  horse.  But  if 
the  cow  discharges  more  in  its  urine  it  must  void  leas  ia 
its  solid  excretions.  Hence,  supposing  the  food  of  a  foil 
grown  horse  and  of  a  cow  to  be  very  nearly  the  same, 
the  dung  of  the  former— the  less-urine-giving  animal — 
must  be  the  richer,  the  warmer,  and  the  more  valuable— 
as  it  is  really  known  to  be. 

3^.  By  the  amount  of  exercise  or  labour  to  tohieh  the 
animal  is  subjected.^^Tbe  greater  the  fatigue  to  which 
an  animal  is  subjected,  the  richer  the  urine  is  found  to 
be  in  those  compounds  (urea  chiefly)  which  yield 
ammonia  by  their  decomposition  (Prout).  The  food  of 
two  animals,  therefore,  being  the  same-H)ther  things  also 
being  equal — the  3olid  excretions  will  be  richer  and 
more  fertilizing  in  that  which  is  kept  in  the  stall  or  fold- 
yard,  the  urine  in  that  which  is  worked  in  the  open  air 
or  pastured  in  the  field. 

4^.  By  the  state  of  growth  to  which  the  animal  hoe  or- 
rived. — A  full  grown  animal  has  only  to  keep  t^  its 
weight  and  condition  by  the  food  it  eats.  Every  thing 
which  is  not  necessary  for  this  purpose,  therefore,  it  re* 
jects  either  in  its  solid  or  in   its  liquid  excretions.     A 

Kung  animal,  on  the  other  hand,  adds  to  and  tnereases  its 
ne  and  muscle  at  the  expense  of  its  food.    It  rejecta, 

*  Ltihre  wm  Dimgm;  p.  142. 

t  18  loads  of  the  dung  of  animak  fed  (whfle  fattening)  chiefly  upon  eO* 
cake  waa  feond  to  give  a  greater  produee  tfianS4  loads  aooiilort  I 
in  the  itraw-yaid.— Coe^«l0i?rasi0r,  aitfa  edition,  p.  103. 
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therefore,  a  smaller  proportion  of  what  it  eats.  Hence 
the  manure  in  fold-yards,  where  young  cattle  are  kept, 
is  always  less  rich  than  where  full  grown  animals  are  fed. 

50.  By  the  purpose  far  tohich  the  animal  i$fed, — Is  it 
to  be  improved  in  condition  1  Then  the  food  must 
supply  it  with  the  materials  for  increasing  the  size  and 
strength  of  its  muscles — with  albumen,  or  fibrin,  or  other 
substances  containing  nitrogen.  In  such  substances, 
therefore,  or  in  nitrogen  deriyed  from  them,  the  drop- 
pings must  be  poorer,  and  as  a  manure,  less  valuable. 

Is  the  animal  to  be  fattened  1  Then  its  food  must 
supply  fatty  matters,i>r  their  elements,  of  which  nitrogen 
forms  no  part.  All  the  nitrogen  of  the  food,  therefore, 
will  pass  off  in  the  excretions,  and  hence  the  richest 
manure  yielded  at  any  time  by  the  same  species  of  animal 
is  that  which  is  obtained  when  it  is  full  grown,  and  being 
lamly  fed.,  is  rapidly  fattening. 

Is  the  cow  kept  for  its  milk  1  Then  the  milk  it  yields 
is  a  daily  drain  upon  the  food  it  eats.  Whatever  passes 
into  the  udder  is  lost  to  the  dung,  and  hence,  other  things 
being  equal,  the  dung  of  a  milk  cow  will  be  less  valuable 
to  the  mrmer  than  that  of  a  full-grown  animal  from  which 
no  milk  is  expected,  or  than  that  of  the  same  animal  when 
it  is  only  laymg  on  fat. 

6^.  By  the  length  of  time  during  tohich  the  manure  has 
been  kept. — In  24  hours,  as  we  have  seen,  the  dung  of  the 
horse  begins  to  ferment  and  to  lessen  in  weight.  All  rich 
manures,  in  like  manner — ^the  dung  of  all  animals  espe- 
cially—decompose more  or  less  rapidly  and  part  with  their 
volatile  constituents.  The  value  we  assign  to  them  to- 
day, therefore,  will  not  apply  to  them  to-morrow,  and 
hence  the  droppings  of  the  same  animal  at  the  same  age, 
and  fed  in  the  same  way,  will  be  more  or  less  valuable  to 
the  farmer  according  to  the  length  of  time  during  which 
they  have  been  permitted  to  ferment. 

1°.  Lastly,  By  the  way  in  which  the  manure  has  been 
preserved. — The  mixed  dung  of  the  farm-yard  must  neces- 
sarily be  less  valuable  where  the  liquid  manure  is  allowed 
to  run  off,  or  where  it  is  permitted  to  stand  in  pools  and 
ferment     Twenty  cart-loads  of  such  dung  may  hasten 
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the  growth  of  the  turnip  crop  in  a  less  deg^ree  than  half  Ae 
weight  will  do  where  the  liquid  manure  has  been  care- 
fully collected  and  returned  upon  the  heaps — ^to  hasten 
and  complete  tbeir  fermentation,  and  to  saturate  them 
with  enriching  matter. 

Since,  then,  the  quality  or  richness  of  the  dung  of  the 
same  animal  is  liable  to  be  affected  by  so  many  circum- 
stances, it  is  obvious  that  no  accurate  general  conclusions 
can  be  drawn  in  regard  to  its  precise  fertilizing  Tirtne 
when  applied  to  this  or  to  that  crop,  or  to  its  relative  fer- 
tilizing value  when  compared  with  equal  weights  of  the 
dung  of  other  animals.  The  results  obtained  in  one  set 
of  analyses,  as  in  that  of  Boussingault,  or  in  one  series  of 
practical  experiments,  as  in  thatof  HermlMtadt(Part  III., 
p.  258),  will  not  agree  with  those  obtained  in  any  other  ; 
because  the  substances  themselves  with  which  our  diflbrent 
experiments  are  made,  though  called  by  the  same  name, 
are  yet  very  unlike  in  their  chemical  properties  and  com- 
position. 

§  16.  Of  the  change*  tohieh  thejbod  undergoes  in  paeeimg 
through  the  bodiee  qfanifnaU, 

It  is  the  result  of  long  experience  that  vegetable  matter 
is  more  sensibly  active  as  a  manure,  after  it  has  passed 
through  the  body  of  an  animal,  than  if  applied  to  the  land 
in  its  unmasticated  and  undigested  state.  In  becoming  ami* 
fnalizedt  therefore— as  it  has  been  called — vegetable  sab- 
stances  have  been  supposed  to  undergo  some  mysterions, 
because  not  very  obvious  or  intelligible,  intemtd  change, 
by  which  this  new  virtue  is  imparted  to  them.  Yet  the 
change  is  very  simple,  and  when  explained  is  not  more 
satisfactory  than  it  is  beautiful. 

You  will  recollect,  as  I  have  already  stated  to  yon 
(Part  III.,  p.  257)  that  the  weight  of  dry  manure  voided  bg 
an  animal  is  always  considsrMy  less  than  that  of  the  dry 
food  eaten  by  it.  Upon  the  nature  and  amount  of  this  loaa 
which  the  food  undergoes  depends  the  quality  of  the  ma* 
nure  obtained. 

This  you  will  readily  comprehend  from  the  following 
statement. 

l^'.  Every  thing  which  enters  into  the  body  in  the  fiurm 
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of  food  most  escape  from  the  body  id  one  or  other  of  three 
different  forms.  It  must  be  breathed  out  from  the  lungs, 
perspired  by  the  skin,  or  rejected  in  the  solid  or  liquid 
excretions.  .  We  have  already  seen  (Part  I.,  p.  223)  that 
the  function  of  the  lungs  is  to  ffive  off  carbon  m  the  form 
of  carbonic  acid,  -while  they  dnnk  in  oxygen  from  the  air 
— and  that  the  quantity  of  carbon  thus  given  off  by  a 
healthy  man  varies  from  5  to  13  or  more  ounces  in  the  24 
hours.  From  the  skin  also  carbon  escapes,  along  with  a 
small  and  variable  proportion  of  saline  matter.  The 
weight  of  carbon  given  off  by  the  skin  has  not  been  accu* 
rately  ascertained.  Let  us  leave  it  out  of  view  for  a  mo- 
ment, and  consider  solely  the  effect  of  respiration  upon  the 
nature  of  the  solid  and  liquid  excretions. 

Suppose  a  healthy  man,  taking  a  moderate  degree  of 
exercise,  to  give  off  from  his  lungs  6  ounces 'of  carbon  in 
24  hours,  and  to  eat  during  the  same  time  2  lbs.  of  pota- 
toes, half  a  pound  of  beef,  and  half  a  pound  of  bread. 
Then  he  has 

Tikken  ID  lua  food                Caibon.  Nitrogen.  Saline  matter. 

In  tbe  potatoes  -  1716  grs.  47  grs.  196  grs. 

In  the  bread  -  1004  ..  34  ..  22  . . 

Inthebeef  -    790..  120..  85 


•  • 


8510  grs.        201  grs.         263  grs. 
Andbehasgivenoffjggjg 

m  respiration        J  * 

Leaving  to  be  reiect-  S 

ed  sooner  or  later  >  885  grs.        201  grs.         258  grs. 

in  the  excretions  ) 

In  this  supposed  case,  therefore,  the  carbon,  nitrogen, 
and  saline  matter  were  to  each  other  nearly  as  the  num- 
bers 

Cazbon.  Nitrogen.       Saline  matter. 

35        -        2         -         2^     in  the  food, 

and  as  9  -  2  -  2|  in  the  excretions ; 
nr,  in  other  words,  the  carbon  being  in  great  part  sifted 
out  of  the  food  by  the  lungs,  the  excretions  are  necessarily 
much  richer  in  nitrogen  and  in  saline  matter,  weight  for 
fceight^  than  the  mixed  vegetable  and  animal  matters  on 
which  the  man  has  lived. 

But  the  immediate  and  most  sensible  action  of  animal 
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and  vegetable  substances,  as  manures,  depends  upon  the 
proportion  of  nitrogen  and  saline  matters  tbey  contaiD. 
This  proportion,  iJben,  being  greater  in  the  excretioM 
than  in  the  crude  vegetables,  the  cause  of  the  higher  esti- 
mation in  which  the  former  are  held  by  the  practical  far- 
mer is  sufficiently  clear. 

2<^.  In  the  above  case  I  have  supposed  the  allowance  of 
food  to  be  such  only  as  a  person  of  sedentary  habits  would 
consume,  and  the  quantity  of  carbon  given  off  from  the 
lungs  to  be  such  as  his  habits  would  occasion.  But  if  the 
weight  of  carbon  given  off  from  the  lungs  and  skin  toge- 
ther amount,  as  it  often  does,  to  15  ounces,*  the  quantity 
of  food  must  be  g^reatly  increased  beyond  the  quantity  I 
have  stated,  if  the  health  and  strength  are  to  besuatained. 
By  such  an  increase  of  food — the  carbon  being  removed 
by  respiration — the  proportion  of  nitrogen  and  of  saline 
matters  in  the  excretions  may  be  still  further  increased^  or 
as  manures  they  may  become  still  richer  and  more  unmC" 
diately  fertilizing. 

3^.  Let  me  present  to  you  the  results  of  an  actual  ex- 
periment made  by  Boussingault  upon  a  horse  fed  with 
hay  and  oats,  and  of  which  both  the  food  and  the  excre- 
tions were  carefully  analyzed. 

In  24  hours  the  horse  consumed — 

Coibon. 

Hay  16i  llM.,t  containing    -  4^^500 
Oats,  5  lbs.     '  .        .        -  15,000 


Nititigttn.  SaliDe 

rra.  gi 

1,500         8,900 

eSO  1,180 


Total  in  the  food 
And 
an 


.  easoo 

gave  off  from  the  lungs  )  ^  qaq 

Leaving  to  be  rejected  in  )  22.540 
the  excretions     -        -  J  **»*^" 

Where  there  was  actually  >  00^40 
found  in  the  mixed  dung  \  '**»*'*" 


9il50   10,140 


2,150   10,140 
1,770   10,540 


*  liebig  eitimates  the  quantity  of  cuboa  which  etoapa*  froo  tha  hnaga 
and  ^n  of  a  haalthy  man,  taking  moderata  axarciaa,  at  1^98  ooneaa  (M«*> 
aian),  or  15|  ounces  aToiraupois,  in  S4  houn. 

t  Each  containing  about  14  per  cent,  of  water.— jAnnoJet  dt  Ckam.  cC 
6€  Fhy$^  Izxi^  p.  196. 
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In  this  case,  then,  the  carbon,  nitrogen,  and  saline  mat- 
ter were  contained  in  the  proportions  of-— 
Carboo.  Nitrogen.    Saline  mmttor. 

23         -         1         -         5     in  the  food, 
and  of  10^       -1-5     in  the  dung; 
the   analysis  of  the  dung  itself  proving  that  in  passing 
through  the  body  of  an  animal,  the  food — 

a  diminishes  very  considerably  in  weight ; 

h  losing  a  large  but  variable  proportion  of  its  carbon, 

c  but  parting  with  scarcely  any  of  its  nitrogen  and  sa- 
line matter — and  therefore 

d  that  the  fertiliziog  virtues  of  the  dang  above  that  of  the 
food  of  animals — weight  for  weight — depends  mainly  upon 
the  larger  proportion  of  these  two  constituents  (the  nitro- 
gen and  the  saline  matter)  which  the  dung  contains. 

I  have  only  further  to  remind  you  upon  this  subject,  that 
the  state  of  combination  also  in  which  the  nitrogen  exists 
in  the  excretions  has  a  material  influence  in  rendering  their 
action  more  immediate  and  sensible  than  that  of  unchang- 
ed vegetable  matter.  It  passes  off  for  the  most  part  in 
the  form  of  urea,  which  is  resolved  into  ammonia  and  its 
compounds  more  rapidly  than  the  albumen  of  the  dried 
or  even  of  the  recent  plant,  and  is  thus  enabled  sooner  to 
exert  an  appreciable  influence  upon  the  growing  crop. 

§  17.  Of  farm-yard  manure,  and  of  the  state  in  tohicA  ii 
ought  to  be  applied  to  the  land. 

The  manure  of  the  farm-yard  consisTs,  for  the  most  part, 
of  cow-dung  and  straw  mixed  and  trodder  together,  in 
order  that  the  latter  may  be  brought  into  a  state  of  decom- 
position.  In  the  improved  husbandry,  where  green  crops 
are  extensively  grown  and  many  cattle  are  kept,  the  horse 
dung  forms  only  a  small  propoition  of  the  whole  manure 
of  the  farm-yard. 

On  an  average,  the  quantity  of  recent  manure  obtained 
in  the  farm-yard  amounts  to  a  little  more  than  twice  the 
weight  of  the  dry  food  of  the  cattle  and  of  the  straw 
spread  in  the  farm-yard  or  in  the  stables  (Part  111.,  257.) 
That  is  to  say,  for  every  10  cwt  of  dry  fodder  and  bedding, 
20  to  23  cwt.  of  fresh  dung  may  be  calculated  upon.   But 

PART   lit.  23 
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if  green  clorer  or  turnips  (every  100  Ibe.  of  wbich  contain 
froin  70  to  90  lbs.  of  waier)  be  given  to  tbe  cattle,  an  allow- 
ance must  be  made  for  tbe  water  they  contain — tbe  qoan- 
tiiy  of  mixed  manure  to  be  expected  being  from  2  to  2^ 
times  tbe  weight  of  tbe  dry  food  and  fodder  only. 

But  tbe  recent  manure  loses  weight  by  lying  in  tbe 
farm-yard.  Tbe  moisture  evaporates  and  volatile  matters 
eaeape  by  fermentation.  By  the  time  that  tbe  straw  is 
balf- rotten  this  loss  amoi^nts  to  one^fourtk  of  the  wbole 
weight,  while  tbe  bulk  is  diminished  one-half.  If  allowed 
to  lie  still  longer  tbe  loss  increases,  till  at  length  it  may 
approach  to  one-half  of  the  ivbole,  leaving  a  weight  of 
dung  little  greater  than  that  of  the  food  and  straw  which 
have  been  consumed.  The  weight  of  common  mixed 
farm-yard  dung  therefore  obtained  from  10  cwt.  of  dry  fuod 
and  straw,  at  different  periods,  may  bejthus  stated  approod- 
matdy-^ 

10  cwt.  of  dry  food  and  straw  yield  of  recent  dang  23  to  25  cwt. 

At  tbe  end  of  six  weeks        21  cwt. 

After  eight  weeks       ...        - 20  cwt. 

When  half-rotten        15  to  17  cwU 

When  fully  rotten       ... 10  to  13   ..* 

These  Quantities,  you  will  observe,  are  supposed  to  be 
obtained  in  tbe  common  open  farm-yards^,  with  the  ordi> 
nary  slow  process  of  fermentation.  An  improved,  quick- 
er, or  more  economical  mode  of  fermenting  the  mixed 
dung  and  straw  may  be  attended  with  less  loss,  and  may 
give  a  larger  return  of  rich  and  fully-rotten  dung. 

A  knowledge  of  these  facts  shows  clearly  what  is  the 
most  economical  foim  in  which  farm-yard  manure  can  be 
applied,  to  tbe  lend. 

1^.  The  more  recent  the  manure  from  a  given  quantity 
bf  food  and  straw  is  ploughed  in,  the  greater  the  quantity 


*  In  an  ezcellent  litde  practical  work  printed  for  private  circnlalion* 

der  ihe  tille  of  ^Naittcntht  CullureandCropf>imgat'Ar>aAleLandt*^  by  Uie 
late  Br.  Cf\  entry,  of  Edinburgh,  tbe  reader  will  find  a  valuable  tectidn 


upon  maonrea.    'ihe  moat  conpiete  worlt  now  in  existence  npon  ihe  (•■:•- 
nl  aubject  o(  ^icuhural  ctaura,  ia  that  ol  Hiubek,  XMe  JsmiJutmg^  "— 
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of  organic  matter  we  add  to  the  land*  When  the  amty 
object  to  be  regarded,  therefore,  is  the  general  enrichiiig 
of  the  ami,  thia  is  the  most  economical  and  the  moat  expe> 
dient  form  of  employing  farm-yard  manure. 

2<>.  But  where  the  soil  is  already  very  light  and  open, 
the  ploughing  in  of  recent  manure  may  make  k  still  more 
so,  and  may  thus  materially  injure  its  mechanical  condi- 
tion. In  such  a  case  the  least  of  two  evils  must  be  chosen. 
It  may  be  better  husbandry — ^that  is,  more  economical— to 
allow  the  manure  to  ferment  and  consolidate  in  the  farfB- 
yard  with  the  certainty  of  a  considerable  loss,  tbati  to  di- 
minish the  solidity  of  the  land  by  ploughing  it  in  in  a  i»> 
cent  state.  \ 

3^.  Again — in  the  soil,  a  fermentation  And  decay  ainU 
lar  to  that  which  lakes  place  in  the  farm-yard,  will  slowly 
ensue.  The  benefit  which  generally  follows  from  catt^- 
ing  this  fermentation  to  take  place  in  the  field  rather  than 
in  the  open  yard  is,  that  the  products  of  the  decomposition 
are  taken  up  by  the  soil,  and  thus  waste  is  in  a  great  mea* 
sure  prevented.  But  in  very  light  and  open  soils,  this 
absorption  of  the  products  of  decay  does  ,not  take  place 
80  completely.  The  rains ,  wash  out  sdme  portions,  while 
others  escape  into  the  air,  and  thus  by  burying  the  recent 
manure  in  such  soils,  less  of  that  waste  is  prevented  which 
when  left  in  the  open  ajr  it  is  sure  to  undergo.  It  may 
even  happen,  in  some  cases,  that  the  waste  in  such  a  aell 
will  not  be  greatly  inferior  to  that  which  necessarily  takes 
place  in  the  farm-yard.  The  practical  man,  therefore^ 
may  question  whether,  as  a  general  rule,  it  would  not  be 
safer  in  farming  very  light  arable  lands,  to  keep  his  mar 
iiure  in  heaps  till  it  ts  well  fermented,  and  to  adopt  those 
means  for  preventing  waste  in  the  heaps  themselves  which 
science  and  practical  skill  point  out  to  him. 

It  may  be  regarded  indeed  as  a  prudent  general  opinion 
to  hold-— one,  however,  which  must  not  be  maintained  in 
regard  to  any  particular  tract  of  land  in  opposition  to  the 
resuhs  of  enlightened  experience-^that  recent  farm«yard 
manure  (Umg  dung)  is  not  suited  to  rery  light  soils,  be« 
cause  it  will  render  them  still  lighter,  and  because  in  them 
the  manure  may  suffer  almost  as  ii|uch  waste  $b  in  the 
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farm-yard ;  and,  therefore,  that  into  such  soils  it  sbonid  be 
ptoagfaed  in  the  compact  state  {short  dmmg),  and  as  ^ort  a 
time  as  possible  before  the  sowing  of  the  crop  which  it  is 
intended  to  benefit 

4^.  Bot  upon  loamy  and  day  soils  the  contrary  practice 
is  recommended.     Such  soils  will  not  be  injured,  they  may 
even  be  benefitted  by  the  opening  tendency  of  the  unler- 
BMBted  straw,  while  at  the  same  time  the  products  of  its 
decomposition   will  be  more  completely  retained — the 
land  consequently  more  enriched,  and  the  future  crops 
Bsoie  improved   by  it    On  such  soils,  the  recent  duog 
ploughed  in,  in  the  autumn,  has  been  found  greatly  mora 
influential  upon  the  crops  of  com  which  followed  it,  either 
in  winter  or  in  spring,  than  a  prcpertiemtl  quantity  of  well 
fermented  manure.    By  such  treatment,  indeed,  the  whole 
Sttrlace-soil  is  converted  into  a  layer  of  compost,  in  which 
a  slow  fermentation  proceedsi  and  which  reaches  tta  most 
fertilising  condition  when  the  early  spring  causes  the  young 
com  to  seek  for  larger  supplies  of  food. 

6o«  But  the  nature  of  the  crop  he  is  about  to  raise  will 
also  influence  the  skilful  fanner  in  his  application  of  long 
or  short  dung  to  his  land.  If  the  crop  is  one  which  quick* 
Jy  springs  up,  rans  through  a  short  life,  and  attains  an 
early  maturity,  he  will  apply  his  manure  in  such  an  ad- 
vanced state  of  fermentation  as  may  enable  it  immediaielj 
to  benefit  the  rapidly  growing  plant.  In  this  case  also,  it 
may  be  better  to  lose  a  portion  by  fermenting  it  in  the  farm- 
yard, than,  by  applying  his  manure  fresh,  to  allow  his 
crop  to  reach  nearly  to  maturity  before  any  benefit  begins 
to  be  derived  from  it 

6.  So  also  the  purpoH  for  which  he  applies  his  manoTo 
will  regulate  his  procedure.  In  manurtnjir  his  turnips  the 
farmer  has  two  distinct  objects  in  view.  He  wishes,  firat, 
to  force  the  young  plants  forward  so  rapidly  that  they  may 
ffet  into  the  second  leaf  soon  enough  to  preserve  them 
from  the  ravages  of  the  fly — and  afterwards  to  fumiah 
them  with  saoh  supplies  of  food  as  shall  keep  them  g^w- 
ing  till  they  have  attained  the  most  profitable  size.  For 
the  former  purpose  fermented  manure  appears  to  be  al- 
most indispensable— *if  that  of  the  farm-yara  is  employed 
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at  all — for  the  latter,  manure  in  the  act  of  alow  and  pro* 
longed  deconpositioD,  is  the  moat  suitable  and  expedient* 

It  is  because  bone-dust  is  admirably  adapted  for  both 
purposes,  that  it  has  become  so  favourite  a  manure  in  many 
districts  for  the  turnip  crop.  The  gelatine  of  the  outer 
portions  of  the  bones  soon  heats,  ferments,  and  gives  off 
those  substances  by  which  the  young  plant  is  benefitted—^ 
while  the  gelatine  of  the  interior  of  the  bone  decays^  little 
by  little,  and  during  the  entire  season  continues  to  feed  the 
mat u ri ng  bu I  b.  Rape-d  ust,  when  d  ri 1 1  ed  in,  acts  in  a  simi* 
lar  manner,  if  the  soil  be  sufficiently  moist.  It  may  bo 
doubted,  however,  whether  its  effects  are  so  permanent  aa 
those  of  bones. 

The  considerations  I  have  now  presented  will  satisfy 
you  that  the  disputes  which  have  prevailed  iir  regard  to 
the  use  of  long*and  short  dung  have  arisen  from  not  keep- 
ing sufficiently  distinct  the  two  questions — what  is  iheo* 
retieaUy  the  best  form  in  which  farm-yard  dung  can  bo 
applied  in  general  /-*and  what  is  tAeoretioaily.^nd  practu 
caUy  the  best  form  in  which  it  can  be  applied  to  thb  or  to 
that  crapt  or  for  this  or  \\M,9pecial  ehject ) 

§  18.  Of  top-dresnng  with  fermcfUing  tnanures. 

If  so  large  a  waste  occur  in  the  farm-yard  where  the 
manure  b  left  long  to  ferment — can  it  be  good  hosbandrj 
to  spread  fermenting  manure  as  a  permanent  top-dressing 
over  the  surface  of  the  fields  1  1  his,  also,  is  a  qveatioa 
in  regard  to  which  different  <^inions  are  entertained  by 
practical  men. 

That  a  considerable  wsste  must  attend  this  mode  of  ap* 
plication  there  can  be  no  doubt.  Volatile  matteia  wiU 
escape  into  the  air,  and  saline  substances  may  be  washed 
away  by  the  rains,  and  yet  there  are  many  good,  practical 
farmexs  who  consider  this  mode  of  applying  such  manure 
to  be  in  certain  cases  as  profitable  as  any  that  can  be 
adopted.     Tbus«- 

lo.  It  is  common  in  spring  to  apply  such  a  top-diesstng 
to  old  pasture  or  meadow  lands,  and  the  increased  pro- 
duce of  food  in  the  form  of  grass  or  hay  is  believetl  to  be 
equal,  at  least,  to  what  would  have  been  obtained  from 

a[3« 
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the  saae  quatitUy  of  manure  employed  in  the  raising  of 
tnrnipfl.  Where  such  is  really  the  eaae  experience  de- 
cides the  question,  and  pronounces  that  notwithstanding 
the  loss  which  must  occur,  this  mode  of  applying  the  ma- 
nure is  consistent  with  good  husbandry.  But  if  the  quan- 
tity or  market  value  of  the  food  raised  by  a  ton  of  manure 
applied  in  this  way  is  not  equal  to  what  it  would  have 
raised  in  turnips  and  com,  then  it  may  as  safely  be  said 
that  the  most  economical  method  of  employing  it  has  not 
been  adopted. 

But  theory  also  throws  some  interesting  light  upon  this 
fuestioa^ 

Old  grass  lands  can  only  be  manured  by  top-dressings. 
And  if  they  cannot  continue,  and  especially  such  as  are 
meadowe^to  yield  an  average  produce  uniesa  there  be 
BOW  and  then  added  to  the  soil  some  of  those  same  sub- 
stances which  are  carried  off  in  the  crop,  it  appears  to  be 
almost  necessary  that  farm^yard  dang  shoula  now  and 
theo  be  applied  in  some  form  or  other,  it  is  true  that 
hay  ot  straw  or  kmg  dung  contains  all  the  elenseots 
which  the  growing  grass  requires,  but  if  spread  on  the 
surface  of  the  field  and  then  allowed  to  ferment  and 
decay^  the  loss  would  probably  be  still  greater  than 
when,  for  this  purpose,  it  is  collected  into  heaps  or  strewed 
in  the  &rm-yard.  Thus  the  usual  practice  of  laying  on 
the  manuf^e  in  a  highly-fermented  state  may  be  the  most 
eeonomical. 

2<>.  Again,  where  the  turnip  crop  is  raised  in  whole  or 
in  part  by  means  of  bones  only,  of  rape-dust,  or  of  other 
artificial  manures,  as  they  are  called,  it  is  usual  to  expend 
a  large  proportion  of  the  farm-yard  dung  in  top-dressing 
the  succeeding  crop  of  clorer.  Thus  the  land  obtains 
two  manuriogs  in  the  course  of  the  lour  years'  rotation^ — 
bones  or  rape-dust  with  the  turnips,  and  fermented  dung 
with  the  clovev.  This  second  application  increases  the 
clover  crop  in  some  districts  one-fourth  and  the  after  crop 
of  wheat  or  barley  very  considerably  aUo.* 

^  Sttch  iM  the  case  open  aome  of  the  ftims  in  the  Vale  of  the  'niane 
(StafiardMhire),  whera  me  turnips  are  raised  with  rape-doat,  and  wheat  fol> 
Iswi  the  clover 
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Here  also  it  is  clear  that  if  manure  be  neceuary  to  the 
clover,  it  can  only  be  applied  in  the  form  of  a  top-dreaaing. 
But  why  is  it  necessary,  as  experience  says,  and  why 
should  farm-yard  manure,  which  is  known  to  suffer  waste, 
be  applied  as  a  top-dressing  rather  than  rape*dust,  which 
in  ordinary  seasons  is  not  so  likely  to  suffer  loss  1  I  offer 
you  the  following  explanation :— • 

If  you  raise  your  turnip  crop  by  the  aid  of  bones  or 
lape^lust  alone,  you  add  to  the  soil  what,  in  most  cases, 
may  be  sufficient  to  supply  nearly  all  the  wants  of  that 
crop,  but  yim  do  not  ada  aU  which  the  succeeding  cropi  of 
com  and  clover  require.    Hence,  if  these  crops  are  to  be 

frown  continuously,  and  for  a  length  of  time,  some  other 
ind  of  manure  must  be  added,  in  which  those  necessary 
substances  or  kinds  of  food  are  present  which  the  bones 
and  rape* dust  cannot  supply.  Farm-yard  manure  con* 
tains  th^m  all.  This  is  within  the  reach  of  every  farmer. 
It  is,  in  fact,  his  natural  resource  in  every  such  difficulty. 
He  has  tried  it  upon  his  clover  crop  in  the  circum- 
stances we  are  considering,  and  has  necessarily  found  it 
to  answei*.  % 

Thus  to  explain  the  results  at  which  he  has  arrived  in 
this  special  case,  chemical  theory  only  tefers  the  practical 
man  to  the  general  principle  upon  which  aU  scientific  ma- 
nuring depends — that  he  muet  add  to  the  soU  et^fkieni  mp- 
pUee  of  every  thing  he  eanriet  off  in  hie  erope — and,  there* 
fore,  that  without  some  such  dressing  as  he  actually  ap* 
plies  to  his  clover  crop,  he  could  not  long  condnue  to 
ffrow  good  crojto  of  a»y  kind  upon  his  land,  if  he  raise 
his  turnips  witti  bones  or  rape>du8t  only. 

It  might*  I  think,  be  wortny  of  trials  whether  the  use  of 
the  fermented  dung  for  the  turnips,  and  of  the  rape-dust 
for  top-dressing  the  after  crops,  would  not,  in  the  entire 
rotation,  yield  a  larger  and  more  remunerating  return. 

§.  19,  Of  eating  off  with  sheep. 

The  practical  advantages  derived  from  eating  off  tur- 
nips and  clover  crops  with,  sheep  are  mainly  of  two  kinds- 
Light  lands  are  trodden  down  and  solidified,  and  they  are 
at  the  same  time  equably  and  more  or  less  richly  mar 
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nured.  With  this  latter  effect*  that  of  aaaDuring,  eone 
interesting  practical  facts  and  theoretical  conaidermtioas 
are  connected.     Thus— 

1<>.  In  the  preceding  lecture  (Part  III^  p.  ISO)  I  mea- 
tioned  to  you  that  in  some  parts  of  €(ennany«  sparry, 
among  other  plants,  is  extensively  grown,  and  with  mneh 
profit,  for  ploughing  in  as  a  green  mainire.  Novr  it  is 
mekittoned  that  Uie  crops  of  rye  which  follow  a  csop  of 
sparry  are  sometimes  quite  as  great  when  it  has  been 
eaten  off  with  sheep  or  cattle  as  when  it  has  been  ploagliod 
in.* 

£0.  In  accordance  with  this  statement  is  the  opinion  of 
many  skilfnl  practical  men  among  ouneWce  that  a  crop 
of  cloTer  or  of  tares  will  cause  a  larger  after  growth  of 
com,  if  it  be  eaten  off  with  sheep,  than  if  it  be  pUmghed 
in  in  the  green  state. 

The  correctness  of  these  practical  observatiooa  appears 
from  a  brief  consideration  of  one  of  those  intereatiBg  theo- 
retical questions  we  have  recently  been  discussing. 

When  a  crop  is  eaten  off  by  full-grown  animdb,  it  re- 
turns again  to  the  soil,  deprived  of  ^portion  of  its  carbon 
only  (Part  III.,  p.  264).  The  manure  contains  all  the.ni- 
trogen  and  saline  matter  of  the  ^reen  vegetables,  and  in 
a  state  in  which  they  are  more,  immediately  available  te 
the  uses  of  the  young  plant.  Thus  far,  then,  we  can  un- 
derstand that  in  certain  cases  a  crop  may  appear  to  ferti- 
lise the  land  more  after  it  has  been  eaten  and  digested, 
than  if  it  had  been  ploughed  in  green,  and  we  can  reoog* 
nize  the  correctness  of  the  opinion  at  which  practical  biod 
have  arrived. 

But  theory  does  not  forsake  us  here.  As  in  all  other 
cases  in  which  it  furnishes  a  true  explanatioB  of  known 
facts,  it  points  to  new  facts  also,  which  mora  or  less  mo- 
dify our  received  opinions,  and  define  the  limits  within 
which  their  truth  can  be  rigorously  maintained.     Thus — 

lo.  Theory  says  that  if  the  animals  fed  upon  the  gieen 
crop  be  in  a  growing  state — if  they  be  increasing  in  muscle 
or  iu  bone— 'they  will  not  only  dissipate  through  their 

•  YctkYoght,  Vher Mancke  VorlkBik dtr grimtr dmmgmng. 


IMPROTIMBNT  OF  TBI  SOIL  BT   lERIGATION.        273 

Ittogs  and  skin  a  portion  of  its  carbon,  but  will  retain  also 
a  part  of  its  nitrogen  and  saline  matter,  and  will  thus 
return  to  the  soil,  in  their  excretions,  a  smaller  quantity  of 
these  substances  than  the  crop  would  have  given  to  it  if 
ploughed  in  green.  If,  therefore,  a  maximum  fertilizing 
efiect  is  to  be  produced  upon  a  field  by  eating  off  a  green 
crop,  it  is  not  altogether  a  matter  of  indifference  what  kind 
of  animals  we  employ  as  digesters. 

2®.  Again,  the  practice  of  green  manuring  is  resorted  to 
chiefly  upon  soils  which  are  poor  in  organic  matter — ^to 
which  the  carbon-  of  the  green  crop  is  of  consequence,  as 
well  as  the  nitrogen  and  saline  matter  it  contains.  But 
when  eaten  off,  much  carbon  is  lost  to  the  soil,  and  thus 
the  supply  of  organic  matter  which  it  ultimately  gets  is 
considerably  less  than  if  the  crop  it  bore  had  been 
ploughed  in  in  the  green  state.  Such  soils,  then,  cannot 
be  equally  enriched  by  the  former  as  by  the  latter 
method. 

This  case  presents  a  very  interesting  illustraticm,  and 
one  which  you  can  readily  appreciate,  of  the  kind  of  use- 
ful  information  which  theoretical  chemistry  is  capable  of 
imparting  upon  almost  every  branch  of  practical  agricul* 
ture.  It  says  to  the  farmer— yes,  you  may  in  some  cases, 
certainly,  eat  off  the  crop  with  advantage;  but  if  you  wish 
to  do  most  good  to  your  land  you  must  eat  it  off  with  fat- 
toning  not  with  growing  sheep,  and  you  must  do  so  upon 
soils  which  are  not  very  poor  in  vegetable  matter.  And 
that  explains  to  me  also,  says  the  practical  man,  in  reply, 
why  I  have  always  found  sheep-folding  to  be  most  bene- 
ficial on  soils  which  are  rich  in  vegetable  matter.*  (Part 
III.,  p.  257). 

§  20.  Of  the  ifnprovemerU  qfike  ioil  by  irrigation. 

Irrigation,  as  it  is  practised  in  our  climate,  is  only  a 
more  refined  method  of  manuring  the  soil.     In  warm  cli* 

*  Sprengel  explains  thu  Ikct  by  alleging  thai  the  hnmic  acid  of  the  vef^e- 
tabte  matter  retaina  more  efleciuallsr  the  ammonia  of  the  deoompoamg 
dung.  There  may  be  aometfaing  in  ima,  but  more  in  moat  caaea.  1  Uunk,  in 
the  fact  that  digeation  aeparatea  much  of  the  carbon  in  which  the  aoila 
abound  but  reiuma  the  nitrogen  and  aaline  matter  almost  entirely  and 
in  a  more  active  state. 
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mates,  where  the  parcheil  plant  would  wither  and 
unless  a  constant  supply  of  water  were  artificially  afiorded 
to  it,  irrigation  may  act  beneficially  by  merely  yielding 
this  supply  to  the  growing  crops ;  but  in  our  latitudes 
only  a  small  part  of  its  beneficial  effects  can  be  ascribed  te 
this  cause.  It  is  to  pasture  and  meadow  lands  almost 
solely  that  irrigation  b  applied  by  British  farmers,  and  the 
good  effect  it  produces  is  to  be  explained  by  a  reference 
to  various  natural  causes. 

1<^.  If  the  water  be  more  or  less  muddy,  bearing  with  it 
solid  matter  which  deposits  itself  in  still  places,  the  good 
effects  which  follow  its  diffusion  over  the  soil  may  be 
ascril^ed  to  the  layer  of  visible  manure  which  it  leaves 
every  where  behiud  it.  Thus  the  Nile  and  the  Granges 
fertilize  the  lands  over  which  their  annual  floods  extend, 
and  partly  in  this  way  do  some  of  our  smaller  streams  im- 
prove the  fields  over  which  they  either  naturally  flow  or 
are  artificially  led. 

2^.  Or  if  the  water  hold  in  solution,  ^s  the  liquid  ma- 
nures of  the  farm-yard  do,  substances  on  which  plants  an 
known  to  feed,  then  to  diffuse  them  over  the  surface  is  a 
simple  act  of  liquid  manuring,  from  which  the  usual  bene- 
fits follow.  Such  is  the  irrigation  which  is  practised  in 
the  neighbourhood  of  our  large  towns,  where  the  conteati 
of  the  common  sewers  are  discharged  into  the  waters 
which  subsequently  spread  themselves  over  the  fields.* 
In  so  far  also  as  any  streams  can  be  supposed  to  bold  in 
solution  the  washings  of  towns  or  of  higher  lands— and 
there  are  few  which  are  not  more  or  less  impregnated  in 
this  manner— so  far  may  their  beneficial  action,  when  em- 
ployed for  purposes  of  irrigation,  be  ascribed  to  the  same 
cause. 

30.  But  spring  waters  which  have  run  only  a  short  way 
from  their  source  are  occasionally  found  to  be  valuable 
irrigators.  In  such  cases  also,  the  good  effect  may  be 
due  in  whole  or  in  part  to  substances  held  in  solution 
by  the  water.     Thus,  in  lime-stone  districts,  and   espe- 

*  For  an  interMlinf  account  of  the  oflfocU  of  foch  irrigation  in  dio  nMk- 
boiirhood  of  Edinbiuf  h,  aoe  Stophont  on  IrrigoHon  aM  Draming,  p.  7s. 
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iBially  those  of  the  mountain  lime-stone  formation  (Part  IT., 
p.  366)— in  which  copious  springs  are  not  unfrequently 
net  with — the  water  is  generally  impregnate<l  with  much 
oarhonate  of  lime,  which  it  slowly  deposits  as  it  flows  away 
from  its  source.  To  irrigate  with  such  water  is,  in  a  re* 
fined  sense,  to  lime  the  land,  and  at'the  same  time  to  place 
within  the  reach  of  the  growing  plants  an  abundant  sup* 
ply  of  this  substance  in  a  form  in  which  it  can  readily 
enter  into  their  roots.* 

In  other  districts,  again,  the  springs  contain  ffjpsum 
and  common  salt,  and  sulphate  of  soda  and  sulpliate  of 
magnesia,  and  thus  are  capable  of  impartitig  to  plants 
many  of  those  inorganic  forms  of  matter,  without  which, 
as  we  have  seen,  they  cannot  exhibit  a  healthy  growth^ 

4^.  Again,  it  is  observed  that  the  good  efiects  of  irr^a- 
tion  are  produced  only  by  running  tcater — coarse  erassea 
and  marsh  plants  springing  up  when  the  water  is  allow  ed 
to  stagnate.!  This  is  explained  in  part  by  the  fact  that 
a  given  quantity  of  water  will  soon  be  deprived  of  that 
portion  of  matter  held  in  solution,  of  which  the  plants 
can  readily  avail  themselves,  and  that  when  this  la  the 
case  it  can  no  longer  contribute  to  their  growth  in  an 
equal  degree. 

But  there  is  another  virtue  in  running  water,  whiob 
makes  it  more  wholesome  to  the  living  plant.  It  comes 
upon  the  field  charged  with  gaseous  matter,  with  oxygen 
and  nitrogen  and  carbonic  acid, in  proportions  very  differ- 
ent from  those  in  which  these  gases  are  mixed  together  in 
the  air  (Part  I.,  p.  49).  To  the  root,  and  to  the  leaf  also, 
it  carries  these  gaseous  substances.  The  oxygen  ia 
worked  up  in  aiding  the  decomposition  of  decaying  vege* 
table  matter.  The  carbonic  acid  is  absorbed  by  and  feeds 
the  plant.  Let  the  same  water  remain  on  the  same  spot, 
and  its  supply  of  these  gaseous  sul)stances  is  soon  ex- 
hausted.  In  its  state  of  rest  it  re-absorbs  new  portions 
from  the  air  with  comparative  slowness*    But  let  it  flow 

^  Some  of  the  water  need  in  the  wen-faiown  leieiitifie  tnigatione  si 
Clotebnrn  Hall,  in  Dninfri^e-sliire,  ajipeiinito  h|ive  tieea  UDpregneied  with 
Ume.    See  Stepbene,  p.  43. 

t  Low't  Ekmaiu  rf  Agricttimn^tA  oaHoii,  p.4n. 
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along  the  surface  of  tbe  field,  exposing  erery  moment  new 
particles  to  the  moving  air,  and  it  takes  in  the  carbonic 
acid  especially  with  much  rapidity,  and  as  it  takes  it  from 
the  air,  almost  as  readily  again  gives  it  up  to  the  leaf  or 
root  with  which  it  first  comes  into  contact.  This  is  do 
doubt  one  of  the  more  important  of  the  several  purposes 
which  we  can  understand  running  water  to  serve  when 
used  for  irrigation. 

But  further,  if  water  be  allowed  to  stagnate  over  tbe  finer 
grasses,  they  soon  find  themselves  in  circumstances  in 
which  it  is  not  consistent  with  their  nature  to  exhibit  a 
healthy  growth.  They  droop,  therefore,  and  die,  and  are 
succeeded  by  new  races,  to  which  tbe  wet  land  is  more 
c<M^eniah 

o^.  It  is  known  also  that  even  running  water,  if  kept 
flowing  without  intermission  for  too  long  a  period,  will 
injure  the  pasture.  This  is  because  a  long  immersion  in 
water  induces  a  decay  of  vegetable  matter  in  tbe  soil 
which  is  unfavourable  to  the  growth  of  the  grasses — pro- 
ducing chemical  compounds  which  are  not  naturally 
formed  in  those  situations  in  which  the  grasses  delight  to 
grow,  and  which  are  unwholesome  to  them.  Altboogfa, 
therefore,  the  water  continues  to  supply  those  Tarioos 
kinds  of  food  by  which  the  grasses  are  benefitted,  yet  it 
becomes  necessary  to  withdraw  it  for  a  time  in  order  that 
other  injurious  consequences  may  be  avoided. 

6^.  Lastly, — Irrigation  is  most  beneficial  where  the  land 
is  well  drained  beneath — where  the  water,  after  the  irri- 
gation is  stopped,  can  sink  and  find  a  ready  outlet.  The 
same  benefits  indeed  flow  from  the  draining  of  irrigated 
as  from  that  of  arable  lands.  The  soil  and  subsoil  are 
at  once  washed  free  of  any  noxious  substances  they  may 
naturally  contain,  or  may  have  derived  from  the  crops 
they  have  grown,  and  are  manured  and  opened  up  by  the 
water  which  passes  through  them.  As  the  water  de- 
scends also,  the  air  follows  it,  to  change  and  mellow  the 
under-soil  itself. 

Such  are  the  main  principles  upon  which  the  beneficial 
action  of  irrigation  depends,  and  iney  appear  to  me  satis- 
factorily to  account  for  all  the  facts  upon  tbe  subject  vrith 
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which  I  am  acquainted.  I  pass  over  the  alleged  beneficial 
action  of  water  in  keeping  the  temperature  of  irrigated 
fields  from  sinking  too  low.  As  irrigation  is  practised  in 
our  islands,  little  of  the  good  done  to  watered  meadows  can 
be  properly  attributed  to  this  cause. 


I  have  now  drawn  your  attention  to  the  most  impoitant 
[  and  readily  available  means,  mechanical  and  chemical,  for 

I  improving  the  soil.    Let  us  next  study  the  products  of  the 

I  soil — their  composition,  their  differences,  and  the  purposes 

,  they  are  intended  to  serve  in  the  feeding  and  nourishment 

of  animals. 
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APPENDIX. 


No.  I 

8UG0E8TI0K8     FOB     EXFEBXMBMT8    IN    PRACTKUL    AORfCtTLTUU 
DURING  THB  SN8UING  SPRING  AND  SUMMER. 

One  of  the  most  important  objects  which  chemistry  is  at  pre« 
sent  desirous  of  attaining  for  the  improvement  of  practical  agrici^- 
ture,  is  the  discovery  and  application  of  specific  or  special  manures. 

We  know  that  certain  substances,  sncfa  as  fold-yard  manure* 
are  capable  of  fertilizing  to  a  considerable  extent  almost  any  land, 
and  of  causing  it  to  yield  a  better  return  of  almost  any  crop.  But 
we  know  also  that  manures  or  fertilizers  of  nearly  every  Kind  are 
more  efficacious  on  one  soil  than  on  another,  and  that  some  an- 
swer better  also  for  one  species  of  crop  than  for  another.  The  case 
of  ffvpsum  will  serve  to  illustrate  both  these  positions. 

The  efifects  of  gypsum  in  the  United  States,  in  Prussia,  and 
other  parts  of  Germany,  and  in  some  districts  of  England,  Are  said 
to  be  absolutely  astonishing ;  while  in  many  other  parts  of  our 
Island,  of  Germany,  and  even  of  the  United  States,  the  benefit 
derived  from  it  has  not  repaid  the  trouble  and  expense  incurred  in 
applying  it.  Gypsum>  therefore,  is  zpedaHy  ildapled  for  use  in  ter- 
tain  soils  only. 

Again,  the  remarkable  eflfects  of  gypsum  have  been  observed 
most  distinctly  on  clover*  and  certain  kinds  of  grass.  The  same 
benefits  have  not  followed,  to  any  thing  like  an  equal  extent,  froni 
its  use  on  barley,  oats»  wheat,  or  other  kind  of  grain.  Therefore, 
while  specially  adapted  to  certain  soil^  it  is  also  specially  adapted 
to  certain  crops,  it  is  a  kind  of  specific  manure  for  clover  and 
some  of  the  grasses. 

Now,  neither  of  these  subjects  whidi  it  is  so  Important  to  inves- 

*  In  regard  to  ili  use  in  Germany,  Lampsdiiunyi,--*' It  may,  with  cer- 
tainty, be  itoted,  that  by  the  use  of  gypwim  the  produce  of  clover  and  the 
conteqnent  amount  of  hve  itock  have  been  increased  at  lea$t  oiie-tiUrd.'*-» 
P»  llraaR  VON  nsif  MiNxaALiscHSii  DvnexiTTSUi,  p.  34^ 

23 


J 


tigater— neither  that  of  the  maniires  which  are  eapecially  fitted 
for  each  soil,  nor  of  those  which  are  especiallv  fitted  for  each  crop, 
—can  be  determined  either  from  theory  or  uom  ezperimenta  de- 
viaed  and  executed  in  the  laboratory  of  a  chemist  The  aid  of  the 
practical  farmer,  of  many  practical  farmers,  must  be  called  in. 
Kamerous  experiments,  or  trials,  most  be  made  in  various  locali- 
ties, and  by  oiflferent  individnalei — •)],  however,  according  to  the 
same  rigorous  and  accurate  method,-^in  order  that,  from  the  com- 
parison of  many  results,  something  like  a  general  principle  may 
De  deduced. 

It  is  partly  with  a  view  to  determine  the  mode  of  action  of  cer- 
tain fertilizers,  and  partly  in  the  hope  of  obtaining  some  additioo- 
al  light  on  the  subject  of  manures  tpeciJieaUy  aaofUd  tajmrticu- 
lor  cropSf  that  I  venture  to  suggest  to  you  the  propriety  of  making 
one  or  more  of  the  following  sets  of  experiments,  auring  the  sprine 
and  summer  of  the  present  year.  I  could  have  much  enlargeS 
the  list  of  suggestions,  but  I  neither  wish  to  fatigue  your  attention, 
nor  to  place  before  you  more  work  of  the  kind  than  can  be  read- 
Hy  accomplished,  with  Utile  expense  of  time,  labour,  or  money. 
Another  season  will,  I  hope,  attbrd  us  an  opportunity  of  inteno- 
gating  nature  by  further,  and  perhaps  more  refined,  modes  of  ex- 
perimenting. 

I.  Of  Grass  and  Clorer. 

1^.  It  is  beyond  dispute,  that  on  certain  soils,  gypsum  causes  a 
largely  increased  growth  of  ^rass  and  clover,  but  experiment  alone 
appears  capable  of  determining  on  what  soils  it  is  likely  to  be 
thus  beneficial.  Such  experiments,  therefore,  ought  to  be  made 
on  every  farm,  on  a  small  scale  at  first,  and  at  little  cost,*  but 
made  with  care  and  accuracy,  and  with  a  minute  attention  to 
weights  and  measures. 

2^.  The  action  of  gypsum  appears  to  be  entirely  chemtcal,  bat 
the  only  explanation  of  this  action  yet  attempted  is  far  from  being 
satisfactory.  It  is  desirable,  thm'efore,  that  experiments  with  other 
substances  should  be  made,  which  are  likely  to  throw  li^t  on 
the  theory.  Important  practical  results  may  at  the  same  time  be 
obtained — they  are  sure,  indeed,  to  follow  from  a  right  nndentand- 
ing  of  the  theory. 

in  the  neighbourhood  of  Ljons,  it  has  been  found  that  very  di- 
lute sulphuric  acidf  (oil  of  vitri<^)  exhibits  the  same  beneficial 
rifect  upon  clover,  that  has  elsewhere  attended  the  use  of  gypanm. 

*  The  price  of  gyptitti  in  London  ia  about  Si.  6d.  per  cwi. ;  m  N««- 
castle,ai. 
t  Gypsom  coBiists  of  mjplfcsric  acid  sndliMc. 
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It  18  desirable,  therefore,  that  a  comparative  experiment  should  be 
made  with  this  acid  on  a  portion  of  the  same  field  to  which  the  gyp-* 
sum  is  applied.    Where  the  one  fails  the  other  may  act. 

80.  It  was  observed  by  Dr.  Home,  of  Edinburgh,  so  early  afl 
the  year  1756,  that  sulphate  of  soda'*'  had  a  remarkable  e&ct  in 
promoting  the  growtli  of  plants — its  action  be  in?  nearly  equal  to 
that  of  saltpetre  or  nitrate  of  soda.  This  fact,  though  mentioned 
by  Lord  Dundonald,  has  been  lost  sight  of  by  practical  men,  the 
sulphate  of  soda  being  generally  represented  as  too  high  in  prlco 
to  be  available  as  a  Tertilizer.f  The  use  of  saltpetre,  howevert 
and  of  nitrate  of  soda,  both  of  which  are  more  tnan  double  the 
price  of  sulphate  of  soda,  show  that  the  cost  of  this  latter  article 
ought  not  to  stand  in  the  way  of  an  accurate  trial  of  its  value  as  a 
fertilizer  on  various  crops.  Dry  sulphate  of  soda  can  be  readily 
obtained  from  any  of  the  alkali  works  on  the  Tyne,{  and  being 
an  article  of  domestic  manufacture,  it  is  proper  that  its  merits 
should  be  ascertained,  and,  if  it  can  be  made  available,  that  its  use 
should  be  encouraged. 

From  the  circumstance  of  its  containing  sulphuric  acid,  there* 
fore,  I  would  recommend  that  it  should  be  tried  on  clover  and 
grass,  in  comparison  with  gypsum  and  sulphuric  acid,  and  on  a  por« 
tion  of  the  same  field.    It  may  succeed  where  the  others  faiL 

4^.  Nitrate  of  soda  also,  as  a  top-dressing  on  grass  land,  has 
been  often  used  with  great  behefit.  i  have  seen  grass  land  in  Dum- 
friesshire, which,  after  being  long  let  for  pasture  at  80s.  an  acre, 
had  been  sprinkled  with  an  annual  top-dressing  of  nitrate  of  soda 
at  the  rate  of  20s.  an  acre,  and  had  since  readily  let  at  iS4  an 
acre,  yieldin|r  thus  an  annual  profit  of  SOs.  an  acre  to  the  landlord. 

In  other  districts,  again,  it  has  been  found  to  answer  better  for 
corn.  Thus,  after  a  discussion  on  this  subject  in  the  Gloucester 
Farmers*  Club,  it  was  agreed,  that  nitrate  of  soda  **  was  a  very 
valuable  manure  for  white  straw  crops,  but  when  applied  to  green 
crops  the  benefit  was  not  sufficiently  great  to  counter-balance  the 
expense.'*  In  Northumberland,  where  it  has  been  tried  in  a  skilful 
manner  by  Mr.  Gray,  of  Dilston,  it  wa9  found  to  yield  a  most  pro* 
fitable  return  on  both  hay  and  barley. 

*  Qtmiber  ta2to— conaiating  of  salphoric  add  and  aoda. 

t  liord  Dandonald  aaya— **  From  ezperimente  it  has  been  proved  to  pro- 
mote vegetation  m  a  very  high  degree.  The  high  price  at  preaent  of  this 
aitide  precludea  the  uae  of  it,  but  could  it  be  made  and  aold  at  a  cheap  rate, 
it  would  prove  a  moat  valuable  aoqniaition  to  agriculture."  Since  the  time 
of  tiord  Dundooald  aome  triala  made  in  Germany  have  shown  it  to  havf  ^ 
beneficial  action  on  rye,  potatoea,  and  fruit  treea. 

X  Meaara.  Allan  A  Co.,  of  the  Heworth  Alkali  Worka,  deliver  it  fal  N«^^ 
castlo  and  the  neighbouring  towna,  at  98.  or  lOa.  per  owt. 


These  results  show  the  necessity  of  further  trials,  not  onlf  fcr 
the  purpose  of  illustrating  the  cause  of  the  beneficial  actioD  of  tlui 
•aline  substance,  but  also  with  the  view  of  arrivinff  at  some  geK- 
ral  rule  by  which  the  practical  man  may  be  guioed  in  detenaia- 
ing  on  what  fields  and  for  what  crops  on  those  fields^  the  nitrate  of 
■oda  may  be  beneficially  applied. 

This  experiment,  like  the  othera  above-mentioned,  will  be 
much  more  valuable,  if  made  in  such  a  way  that  the  result  cu 
be  compared  with  thaJb  obtained  by  the  use  of  other  chemiol 
agents.  I  would,,  therefore*  propose  that  in  the  same  field  of  gnsi 
or  clover,  a  portion  should  be  measured  ofiS  to  be  top-dressed  with 
nitrate  of  soda,  that  thus  not  only  the  ahsolvle^  but  also  the  am- 
farativ€f  weight  of  the  produce  may  at  the  same  time  be  ascer* 
tained. 

5<>.  There  are  other  trials  also,  from  which  this  general  subject 
is  canable  of  receiving  illustration.  The  fertilizing  power  of  gyp- 
sum has  been  ezplamed  by  its  supposed  action  on  the  aoBmonia 
which  is  presumed  to  exist  in  the  atmosphere.  If  this  be  the 
true  explanation^  a  substance  containing  ammonia  should  tct  a' 
least  as  energetically.  At  all  events,,  the  action  of  fold-yard  manuR 
and  of  putrid  urine  is  supposed  to  depend  chiefly  on  toe  ammooii 
they  contain  or  give  ofl^  Now,  among  the  substances  contaiaiof 
ammonia  in  large  quantity,  which  in  most  towns  are  allowed  to 
run  to  waste>.the  ammoniacal  liqjuor  of  the  gas  works  is  one  which 
can  easily  be  obtained^  and  can  be  applied  in  a  liquid  state  at  ?eiy 
little  coat.  It  suist  be  previously  diluted  with  water  till  its  taste 
and  smell  become  scarcely  perceptible. 

I  would  propose^  therefore*  as  a  further  experiment,  that  aloog 
with  one  or  more  of  the  substances  above-mentioned,  the  amioo' 
Diacal  liquor  of  the  gas  works  should  be  also  tried*  on  a  measund 
portion  of  ground*  and*  if  possible*  in  the  same  field. 

6^.  RooC  as  a  manure*  is  supposed  to  act  partly*  if  not  chiefiyi 
in  consequence  of  the  ammonia  it  contains.  In  Gloucestershire  it 
is  applied  to  potatoes  and  to  wheat*  chiefly  to  the  latter*  and  with 
great  success.  In  the  Wolds  of  Yorkshire  it  is  also  applied  lar^lj 
to  the  wheat  crop,  at  the  rate  of  about  24  bushels  to  the  acre.*  In 
this  county  it  is  frequently  used  en  grass  land*  to  the  amoHOt  of 
20  bushels  an  acre,  and  though  I  am  not  aware  that  it  is  ex- 
tensively employed  upon  clover,  I  am  incKoed  to  anticipate  tbit 
the  sulphur  it  centains,f  in  addition  to  the  ammonia,  would  ren- 


*  The  price  h  ftom  &i  to  U.  a  bushel.    In  thiB  county  the  eoot  it 
be  often  of  an  inferior  quali^,  and  brings  therefore  a  leas  price. 

t  The  giiip§um^  I  might  afao  aay,  ibr  much  of  onr  aoot  oentaina  gypivn« 
<hs  lime  bemg  derived  chiefly  from  the  aidea  of  the  flo^ 


der  it  lueful  to  tbia  plant.  At  all  eveat^  comparatiTs  erpertoientp 
in  tb«  same  field  with  the  gypsum  and  the  anuaoniacal  liquor,  are 
liltelf  to  lead  to  intereating  resulu. 

7°.  Common  salt,  highly  recommsQded  as  a  manure  by  aome, 
ha*  been  aa  much  depreciated  by  olhera,  and  hencei  when  dl- 
recUy  applied,  ia  considered  aa  a  doubtful  fertilizer  by  olmoet  all. 
The  obscurity  in  regard  to  ita  use,  bowever,  rests  chiefly  on  the 
quantity  which  ought  to  be  employed.  The  result  of  compara- 
tive ezperimeots  made  in  Germany,  ahowed  that  a  very  few 
pounds  per  acre  were  auSicient  to  produce  a  largely  increased 
return  of  prass — while  in  England  it  has  been  beneficially  ap. 
plied  within  the  wide  limitaof  vom  five  to  twenty  bushels  per  acre, 
and,  when  used  for  cleaning  the  land  in  autumn,  of  thirty  bashelt 

Among  the  comparative  experiments  npra  graaa  and  clover  here 
suggested,  tha  efibct  of  salt  might  also  be  tried  with  the  pioapect 
of  practical  benefit.  It  would  give  an  additional  iatereet  to  the 
eiperiments  and  supply  an  additional  term  of  comparison. 

The  entire  aeries  of  experiments,  therefore,  which  I  woaU  re> 
commend,  would  occupy  eight  patches  on  a  clover  or  grass  fielc^ 
one  of  which  would  he  left  ujidT^siai  for  the  purpose  of  c 
son.     Thus,  each  plot  being  halfar 


ir  the  purpose  of  compari- 


Gypeum. 

Sulphate  of 
Sod*. 

Ammoniacal 
Liquor. 

Sulphuric 

Nitrate  of 
Soda. 

Common 
Salt 

Soot 

The  ammoniacal  liquor  and  the  soot  are  placed  as  far  as  poesi. 
hie  from  the  eypsum  aod  sulphuric  acid,  that  they  may  not  inter- 
fere  with  each  other's  action.  In  a  large  field  they  might  be  placed 
■till  farther  apart,  aad  other  trials  might  be  made  in  one  or  two  of 
the  vacant  spaces. 

The  appearance  of  each  patch  should  b«  entered,  with  the  daU, 
ia  an  experiment  book,  at  weekly  intervale,,  and  the  final  produce 
both  of  hay  and  of  aftermath  carefully  noted,  both  as  to  weiglU 
and  qualily. 

Nor  win  the  experiment  be  completed  when  the  crop  for  (hs 
year  is  gathered  in  ;  but,  where  it  is  possible,  two  further  pcnats 
should  be  aacertained, — > 

l*).  The  relative  feeding  or  oourishjng  pro^nties  of  the  pio» 


dace.  To  those  who  rear  and  fatten  cattle,  this  is  a  nmtter  of 
great  importance*  and  it  is  one  which  they  could  easily  determine, 
at  least  very  approximately. 

2^,  What  has  been  the  permanent  efiect  of  the  several  sab- 
stances  on  the  soil,  as  indicated  by  the  comparative  quantity  and 
qaallty  of  the  crop  obtained  from  each  half  acre*  on  the  succeed 
tng  or  daring  the  ttoo  foliounng  years.  The  result  of  these  for- 
tiier  observations  may  materisuly  modify  the  conclusion  we  shooU 
draw  from  the  comparative  weight  and  quality  of  the  produce  of 
the  first  year. 

I  shall  only  observe,  in  conclusion,  on  thia  head,  that  the  re^ 
suit  of  a  simultaneous  trial  of  all  these  substances  In  the  same 
field  would  not  only  throw  much  light  on  the  specific  actkm  of 
each  on  the  grass  or  clover  in  general,  but  would  be  of  perma- 
nent utility  to  that  farm  or  localitv  in  which  the  experiments 
were  made.    I,t  would  indicate  the  kind  of  fertilizer  which  was 
best  adapted  to  the  farm  or  neighborhood  in  the  existing  coo- 
dition  of  its  general  culture.    It  would  form  a  local  record,  use- 
ful  not  only  to  the  tenant  who  made  the  experiment  (if  well  made) 
and  by  whom  the  farm  at  the  time  was  tenanted,  but  more  useful 
by  far,  and  more  permanently  so,,  to  the  owner  of  the  land  whose 
interest  ia  it  is  supposed  to  be  not  only  greater,  but  much  won 
lastrog. 

In  regard  to  the  quarUiiies  of  the  several  substances  above-men- 
tioned, which  are  to  be  applied  to  each  acre,  they  may  probsbly 
be  varied  according  to  circumstances,  but  the  following^  may  be 
recommended  in  t^  comparative  experim^its : 

1^.  Gypsum  2  to  3  cwt.  per  acre.. 

!i9.  Sulphate  of  Soda  1  cwt  per  acre. 

30.  Nitrate  of  Soda  1  cwt  per  acre. 

4^.  Soot  20  bushels  per  acre — ^this  in  di^rent  districts  onay  be 
varied  according  to  the  known  quality  of  the  soot 

&^,  Of  Sulphuric  Acid  from  30  to  40  lbs.  per  acre,  applied  at 
three  or  four  several  intervals — and  diluted  with  at  least  200 
times  its  weight  of  water.  Or  so  much  water  may  be  added  as  to 
make  it  perfectly  tasteless,  or  so  weak  as  not  sensibly  to  injure  the 
texture  of  a  plant  left  in  it  during  the  previous  night* 
'  6^.  Of  Ammoniacal  Liquor  IW  to  2iX)  gallons  per  acre,  accord- 
ing to  its  strength,  for  this' is  constantly  varying.  It  must  also  be 
diluted  with  so  lar^  a  quantity  of  water  as  will  render  it  pecfectly 
tasteless,  and  is  likely  ta  prove  most  beneficial  if  laid  on  at  severa 
■uecessive  periods. 

*  The  qomitity  above-mentioned  emoonta  to  about  two  gallons  of  the  acid 
9i  the  ihopi,  and  it  aboiild  be  dilated  with  tbiee  or  four  hnndred  gallons  aC 
waier.. 


l".  or  cotnmoD  ult  it  will  be  safer  to  ^ppij  not  more  thsn  fonr 
to  lix  busbeli  an  aera  ;  tliougb,  where  lime  and  circumstances  per. 
init,  compufttive  trials  miglit  also  be  mads  on  tlie  efficacy  of  salt 
wbeo  applied  in  difierent  proportions,  to  the  samt  land  on  which 
the  other  eiperiments  are  made. 

As  to  the  lime  when  these  several  dresein^  onght  to  be  ap> 
plied,  some  variatioa  tnay  be  made  according  to  the  state  of  the 
young  crop.  They  need  not,  in  general,  be  used  before  tbe  lOtk 
of  April,  and  they  should  rarely  be  later  than  the  middle  of 
May, 

It  will  be  desirable  that  in  the  detail  of  ererr  set  of  ezpeiimentd 
the  kind  and  quality  of  the  soil  (and  subaoil)  ahould  be  stated— 
with  its  drainage  and  eipoaure— -and  the  kind  of  grau  or  clover 
which  had  been  sown  upon  it 

IL  Qf  Whtat,  Borby,  andOalt^ 
[t  ia  known  that  saltpetre  and  nitrate  of  soda  produce  highly 
beneficial  effects  on  all  thOBo  varieties  of  grain.  There  remaina 
much  to  be  done,  however,,  before  the  principle  of  their  opera- 
tion,  or  the  circumetaQces  on  which  their  most  neerul  application 
depends,  can  bo  clearly  underatood.  Their  relative-  effects  on 
the  same  kind  of  grain  must  be.  made  the  subject  of  more  fm* 
quent,  more  precise,  and  more  carefully  conducted  ezperimentfl — 
and  these  e^cta  must  be  compared  with  those  of  other  fertilis- 
ing substances,  in  order  that  we  may  arrive  ultimately  at  some 
comparative  estimate  of  the  practical  value  of  each,  in  increaaiiw 
ti,_  ..~„..th  ^,.A  n.~q„^  of  thoee  crope  which  are  the  staples  of  aiu> 


It  is  confidently  stated  by  some,  aa  a  general  rule,  that  aaltpe^ 
tre  is  more  advantageous  than  nitrate  of  eoda,  when  applied  to 
wheat.  On  the  other  hand.  It  Is  beyond  question  that  tbe  applk 
cation  of  nitrate  of  aoda  to  wheat  baa  been  found  productive  of  n- 
mark  able  benefit. 

Is  saltpetre  ipeciaili/  adapted  for  wheat  of  ali  variaiet,  on  aO 
toiit,  tndwulet  every  varieiy  of  matiagemeTii,  aad  \a  nitrate  of  soda, 
in  like  manner,  specially  fitted  for  barley  and  oals  1 

These  are  <iuestione  to  which  the  ef  perimenta  hitherto  made  do 
not  enable  us  to  give  a  reply.  New  data  must  be  obtained  before 
we  can  have  the  means  of  reasoning  usefully  in  regard  to  any  of 
them.     1  would  propose,  therefore, — 

1°.  That  where  two  varieties  of  wheat  are  sown  on  the  same 
field,  or  on  difierent  fields  of  precisely  tbe  aame  kind  of  land  and 
in  U»  aame  coudUion,  thu  two  baif  acres  of  each  larietY  ahovU. 
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be  meafored  oS  and  that  one  half  acre  of  each  ahould  be  dwed 
with  saltpetre*  and  the  other  with  nitrate  of  soda,  at  the  rate  of  I 
cwt  per  acre.  If  three  varieties  coold  be  ao  treated,  the  experi- 
ment would  be  the  more  valuable. 

It  would  thus  be  determined  how  far  the  efibct  of  each  of  theM 
nitrates  was  dependant  upon  the  variety  of  wheat  sown  anj 
what  wae  the  relative  action  of  each  mtrate  upon  any  of  the  va- 
rieties. 

2<>.  That  when  the  same  varieties  of  wheat  are  sown  upon  two 
or  more  different  soils— in  different  parts  of  a  farm — that  one  por- 
tion of  the  wheat  on  every  different  soil  should  be  dressed  with 
nitrate  of  soda»  and  another  with  nitrate  of  potash  (saltpetre).  By 
this  experiment,  it  would  be  shown  how  far  the  effect  of  these  snbl 
stances  is  dependant  on  the  nature  of  the  soil,  and  how  far  the  ac- 
tion of  the  one,  compared  with  that  of  the  other,  is  noodified  by 
diversity  of  soil. 

In  these  different  experiments,  the  manai^ement  is  presumed 
to  be  the  same.  If  the  experiments  be  repeated  by  several  persons 
in  different  parts  of  the  country,  the  effects  of  difierence  of  man* 
agement  will,  in  a  great  measure,  be  shown  in  the  diversity  of  the 
results. 

8^.  With  the  view  of  ascertaining  the  comparative  effect  of  the 
sulphate  of  soda  on  this  crop,  I  would  suggest  Uiat  in  each  case 
above  specified,  an  equal  area  should  be  set  aside  to  be  dressed 
with  this  salt,  in  the  proportion  of  I  cwt  per  acre. 

Of  each  variety  of  wheat,  therefore,  and  on  each  variety  of  soil, 
four  patches  of  equal  area,  say  half  an  acre,  should  be  measured 
off— one  of  which  should  be  undressed  for  the  purpose  of  compari* 
son:  thne-*- 


Nitrate  of 
Soda. 

Saltpetre. 

Sulphate  of 
Soda. 

As  before,  the  nature  of  the  soil  and  the  kind  of  grain  must  be 

recorded---the  appearance  of  each  patch  noted  week  by  week 

with  the  time  of  ripening  and  reaping-^^nd  the  respective  quali- 
ties and  weights  of  the  grain  and  straw  collected  from  each  half 


acre. 


The  quantity  of  gluten  contained  in  the  wheat  should  ^i^kt  be 


determined,  or  &  umple  ot  the  flour  trannaitted  for  the  pnrpOM 

to  the  writer  of  these  Bu^gBstioaB,  accoinpanied  by  &  detail  of  the 
ezperimenta  the;  aie  intended  to  illustiBte. 
K—Of  Barky  and  Oalt. 

Tb  bariey  and  oata  the  above  remarkB  all  ipplj,  with  thit  dif> 
ference,  that  to  those  crope  aaltpetre  is  said  to  be  Ims  baneScial 
than  the  nitrate  of  soda.  In  connectioo  with  these  crops,  however, 
1  would  maha  the  following  additional  observation. 

Aceordinz  lo  any  theory  of  the  action  of  Che  nitiates  of  potash 
and  Boda  which  readily  preaenta  itaelf,  their  effect  on  any  crop 
which  they  are  eqiiAjly  capable  of  benefiting  ourht  to  be  nearly 
equal,  weight  for  weiebt.  The  niliats  of  soda  ought  to  have  a  de- 
cidedly nore  powerful  action,  were  it  not  that  the  state  of  nMiatura 
in  which  it  is  generally  sold,  increaaes  its  weight  so  much  as  in  B 
great  measure  lo  deprive  it,  in  equal  weights,  of  thia  superiority. 

But  while  1  cwt.  of  sakpetre  (nitrate  of  potash)  is  reconi mend- 
ed as  a  sufficient  dressing  for  an  acre,  1^  to  1^  cwL  of  nitrate  of 
soda  is  recommended  for  an  equal  area,  it  would,  therefore,  be 
desirable  where  nitrate  of  soda  is  applied  to  any  large  extent  of 
land,  either  with  oata  or  barley,  to  make  a  comparative  trial  oa 
three  equal  portions  of  the  same  field,  with  1,  H  and  1)  cwt.  per 
acre,  respectively. 

In  addition,  therefore,  to  the  experiments  sug^gested  in  regard  to 
vbeat»  wiih  tJw  view  of  deternuning— 

1°.  The  absolute  and  relative  efficacy  of  saltpetre  and  tiitrat« 
of  soda  on  di%rent  varieties  of  the  grain ; 

2".  The  aaraeoo  difibrent  varieties  of  soil ; 

3<>.  And  under  diversities  of  management, — ai  in  the  previoue 
treatmeDt  of  the  land,  Stc. ; 


4°.  The  relative  efficts  of  difierent  proportions  of  the  nitrate  of 
soda,  which  is  at  present  tuppoted  to  be  specially  beneficial  to 
these  kinds  of  grain.  If  any  one  be  desirous  of  uniting  this  lattac 
•eriea  with  the  former,  it  may  be  done  thus — 


ni"°' 

Nitrate  ot 

Soda,. 

1  cwt.  per  acre. 

Saltpetre. 

Nitrate  of 
Soda, 

IJCWL 

Nitrate  of 
Soda, 
licwL 
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The  vacant  half-acre  belog  as  before  left  for  the  purpc»Be  of  com- 
parison. Such  an  entire  series  might  be  made  at  the  same  time 
on  a  field  of  Tartary  and  of  potato  oats,  and  on  two  or  moreTirie- 
ties  of  barley. 

These  top-dressings  may  be  all  sown  broad-cast — on  tk 
wheat  most  conveniently  when  the  seeds  are  sown  in  April  or 
Bf  ay,  and  on  the  barley  and  oats  when  the  fields  have  become 
distinctly  green. 

I  may  be  permitted  to  add,  as  inducements  to  practieal  men,  to 
try  one  or  more  of  these  experiments  in  the  accnrate  nurnner  abon 
described : 

lo.  That  the  result  will  be  directly  available  and  of  immediato 
practical  value  on  his  own  farm,  to  the  person  by  whom  they  an 
carefully  made.  That  they  will  be  permanently  usefiil  to  lus 
landlord  (if  carefully  recorded),  ought  to  be  an  indncemeat  to  the 
latter  to  give  erery  facility  and  encouragement  to  hie  tenant  in 
making  them. 

2o.  That,  instead  of  involving  expense  and  ontlay,  which  in 
many  instances  may  ill  be  spared,  they  are  sure  in  almost  every 
ease  to  do  more  than  repay  the  cost  of  making  ihemt  by  the  in- 
creased quantity  or  value  of  the  produce  obtained.  Any  of  the 
eeries  of  experiments,  on  the  scale  suggested,  may  be  made  for 
five  pounds,  so  that  were  the  outlay  all  to  be  lost,  the  aceuiate 
knowledge  obtained  in  reference  to  the  general  tillage  of  hie  land, 
would  be  worth  more  money  to  the  holder  of  a  farm  of  a  hoadred 
acres. 

S^.  I  need  scarcely  add,  as  a  further  inducement,  the  addi- 
tional interest  which  such  experiments  give  to  the  practice  of 
farming-*-and  the  means  they  afford  of  calling  forth  the  intelli- 
gence of  the  agricultural  population.  The  moment  a  man  be- 
gins to  make  experiments  under  the  guidance  of  an  undetetood 
principle,  from  that  moment  he  begins  to  think.  To  obtain  ma- 
terials for  thought  he  will  have  recourse  to  books— and  thus  every 
new  experiment  he  makes,  will  further  stimulate  and  awaken  his 
intellect  and  lead  him  to  the  acquisition  of  further  knowledge. 
Does  it  require  any  thing  more  than  this  general  awakening  of  the 
minds  of  the  agricultural  class,  to  advance  the  science  of  a^ricnl- 
ture  as  surely  and  as  rapidly  as  any  of  the  other  sciences,  the 
practical  application  ol  which  have  led  to  those  extraordinary 
developments  of  natural  resources,  which  are  the  characteciatic 
and  the  pride  of  our  time  1 

UL-^Cf  Tumipa. 

The  ralshig  of  turnips  is  of  snch  vast  importance  in  the  pre- 
vailing system  of  huabandryt  that  any  improvement  in  the  mode 
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of  cnhare  mast  be  of  extensive  and  immediate  benefit.    Experi- 

inenta  lo  numeroUB  and  eo  varied  bave  been  made  with  this  vieWt 
I  tbat  it  may  almost  teem  BuperSuotts  in  mo  now  to  mahe  any 

farther  iDggeations  on  the  BubjecL    But  nben  ezperimenta  hai« 

been  made  with  a  view  to  one  BObject  onlj,  it  often  bappeni  ia 
il  all  departmentB  of  nataral  science,  that  as  new  views  are  ad- 

■  vanced,  or  more  precise  methodsjKiintGd  odI,  it  becomes  necec- 

Boiy  to  repeat  all  our  formei  experiioentF, — either  for  the  pnr- 
(  pofle  of  tOBting  ibe  resulta  they  gave  us,  or  of  obserring  new 
t         phenomena  to  which  oor  attention  bad  not   previooaly   been 

directed. 
I'l  I.  NumeroDB  enerimentf,  for  example,  have  been  made  npoB 

t  the  ue«  of  (tones  in  the  raising  of  tuinips,  bat  the^  have  been 
f  chieSf  directed  to  economical  ends,  and  eo  far  with  the  most 
^  eatiBfaclory  results.  But  among  fifty  intelligent  and  thinking  prac- 
^\  tical  men,  and  who  all  agree  in  regard  totbe  profit  to  be  derived 

from  the  use  of  bones  with  the  tnrnip  crop,  bow  many  will  sgrefl 
.,1  in  regard  to  the  mode  in  which  they  act — bow  few  will  be  able 
,  J  to  give  a  satisfactory  reason  for  the  opinion  they  entertain  !     The 

',  same  is  true  of  theoretical  cbemistB,  Bome  attributing  their  eSeet 

I  more  especially  to  the  earthy  matter,  othera  to  the  gelatine  they 
,  contain.  Dry  bones  contain  about  two-thirda  of  their  weight  ot 
,,  earthy  matter,  the  other  third  consisting  chiefly  of  animal  matter 
^,,  reBcmblin^  glue.  Of  the  earthy  matter  five-iixibaconaiEt  of  phoa- 
vj,  phate  of  lime  and  megnesis,  and  the  rest  chiefly  of  carbonate  ctf 
^  lime-    Thus  a  ton  of  hone  dust  will  contain — 

,  Animal  matter 748  Iba. 

'-  Phosphate  of  lime,  &e 124&  lbs 

-^  Carbonate  of  limei  &.C. 349  Iba. 

■''  2240  Ibfl. 

i^'  On  whichof  these  constituents  does  the  efficacy  of  booeB  chiefly 

^'.  depend  T    Does  it  depend  cpoD  the  animal  matter!    This  opi- 

'■•*  nion  is  in  accordance  with  the  following  facts : — 

^Z  1°-  That  in  the  Doncaster  report  it  is  said  to  be  most  effectual 

- '  on  calcareous  soils, — for  in  the  presence  of  lime  all  organic  matter 

i^i  more  rapidly  decompoBea. 

.-■^  2°.  That  bora  ebavin^a  are  a  more  powerful  manure   than 

^  honee, — since  horn  contain*  only  one  or  two  per  cent,  of  earthy 

i^  3°.  That  before  the  iotrodaction  of  crushed  boncB,  tlie  asbea  of 

*  Tliii,  I  believe.  Is  lathar  ■  mUi«i  of  opinioD  tlan  ibc  nnll  of  ■ 
nfficieot   number  of  (Cltal  liUt.    Borne  niali  made  h;  Hr.  Ibwdan 
,t        {BiWih  Bubudry,  L  p.  SH)  gave  renlM  very  vafmat^jit  M  he* 
'  «:        ihavlDg*. 
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burned  bone*  bid  long  been  emjAaytd  to  ■  small  extent  ii  ifri- 
cultnre,  bat  bave  BiDce  follen  almoat  eotirely  into  diaiue. 

4°.  Tbat  old  Bbeep  ■kina  cut  op  and  kid  in  the  drillai  hn 
been  found  to  yield  u  good  a  eron  of  turnipB  and  after-tn^ 
of  com,  as  the  remainder  of  tbe  field  which  wu  mannied  via 

6°.  Tbat  "40  Iba.  of  bone  dust  are  sufficient  to  sopplj  tine 
cropa  of  wheat,  clover,  potatoes,  turnips,  Slc,  with  phoephattth'* 
whde  one  to  two-thirds  of  a  ton  of  bones,  conlaioing  from  400  to 
800  Iba.  of  pbosphates,  is  the  quantity  usuallf  applied  to  lis 
land. 

On  tbe  other  hand,  the  qnantity  of  animal  matter  present  lit 
ton  of  bones  (746  lbs.)  is  so  small,  and  its  decompowtion  bo  r^iil 
during  tbe  growth  of  tbe  turnips — wbile  at  the  eauie  time  tin 
effects  of  the  bones  are  bo  lasting  and  bo  beneficial  to  tbe  tAer- 
crop  of  corn — that  manj  pereons  hesitate  in  considering;  tbe  gnil 
excess  of  phosphates  applied  to  the  land,  as  really  witboutuj 
share  of  influence  in  tbe  production  of  tbe  crops. 

Thus  Sprengel,  an  authority  of  the  very  hignest  character,  bcA 
in  theoretical  and  practical  agriculture,  is  persuaded  tfatl  tk 
phosphates  are  the  sole  fertilizing  ingredients  in  bones,  aod  he  ti- 

Slains  the  want  of  succees  frran  the  use  of  crushed  bones  ii 
[echlonburg  and  North  Germany,  on  the  BQppoaitioD  that  tte 
khIb  in  tboM  countries  already  contains  a  sufficient  suKily  '^ 
phoepbates,  while  in  England  generally  they  are  deficient  in  iben 
Gocnpounda. 

Further,  if  the  animal  matter  be  the  fertilizing  agent  in  boaet 
why  are  not  they  of  equal  efficacy  on  grass  land  ae  upon  tninipi^ 

With  the  view,  therefore,  of  leading  to  some  rational  eiplan- 
ticm  of  tbe  relative  effects  of  the  several  conslituents  of  bonee,  il 
would  be  desirable  to  institute  comparative  ezperinwDta  of  tbe  M- 
lowing  kind—  i 

1°,  With  half  a  ton  of  bonee  per  acre.  | 

'2°.  With  threeorfour  cwt  of  hornsbavingeor^IiuperaeR.    i 

3°.  With  two  cwt  of  burned  bones  per  acre. 

4°.  With  six  or  seven  cwt  of  burned  bones  per  acre.  I 

Tbe  quantity  of  burned  bones  in  No.  4  is  tbat  which  ie  yielded 
by  a  ton  of  fresh  bones  ;  that  in  No.  3  is  upwards  of  five  timet 
what  should  be  taken  up  by  the  crops — as  great  part  itf  what  i* 
ulded  must  be  supposed  to  remain  in  the  soil,  while  tome  sttulh 
duialDed  aid  earned  off"  by  the  rains. 

The  resnlt  of  such  experiments  ae  these,  if  made  accnrilely  en 

*  ZiMg,  s.  Si.  Tba  aet«  hare  mdkta  oT  is  the  BavisD,  tbW 
ihcM-fiAhi  of  lb*  E^iah  sen.    Tic  Ce^kh,  ibetaftrs,  will  nqoin  » 
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didbreDt  loUs,  will  le&d  na  boodbt  to  the  tnidi  tbut  wbole  Tolmnei 
of  theoretical  diMuesion. 

IL  Nitrate  ■v{  Hod&  hae  also  been  applied  witb  great  ben^t  in 
the  culture  of  tornipB.  Some  experiroente,  exceedingly  favourable 
in  an  economical  point  of  view,  have  been  made  by  Mr.  Barclay, 
of  Eaatwick  Park,  Surrey,*  who  fouod  that  one  cwt.  per  acre< 
drilled  in  with  the  seed,  gave  as  great  a  retnnt  of  Swedes  as  16 
buehela  of  bones  with  15  of  wood  ashes  per  acre,  and  when  the 
nitrate  of  sods  wbh  bowd  broadcast,  from  20  to  S5  per  cent  more. 
In  every  part  of  the  country,  therefore,  this  substauce  ought  to  be 
tried.  And  as  this  nitrate  is  very  soluble  in  water,  and  may 
therefore  be  readily  carried  off  by  the  rain,  and  as  that  only  which 
ia  within  reach  of  the  plant  is  of  any  avail,  T  would  enggest  OaX 
not  more  than  one-fourth  of  the  whole  should  be  drilled  in  with  the 
■eod,  for  the  purpose  of  bringing  aicay  the  plant ;  and  that  after 
the  thinniDK  by  the  hoe,  the  rest  should  be  strewed  along  the  rowi 
by  the  band  or  by  the  drilf.  In  this  way  the  whole  energy  of  the 
salt  being  expended  where  it  is  required,  the  greatest  poeeible 
effect  win  be  produced. 

in.  I  have  already  stated  th«  reasons  which  lead  me  to  anti'- 
cipate  highly  beneficial  effects  of  vegetation  from  the  use  of  snl'- 
pbate  of  soda  ;  I  would  aaggest^  therefore,  a  trial  of  this  salt  on 
the  turnips  also,  at  the  same  rate  of  one  cwt  per  acre,  and  applied 
in  the  way  above  reoummended  for  the  nitrate  of  soda.  Of  course 
the  intelligent  farmer  will  vary  the  proportions  and  mode  of  &p> 
plication  of  theee  substances,  as  his  leisure  or  convenience  perrort^ 
or  as  bis  better  judgment  may  suggest  to  him. 

The  entire  series  of  evperimenis  on  turnips,  above  su(^(6sted, 
may  be  represented  as  foilows^  adding  two  plots  for  difierent  pio- 
portione  of  the  nitrate  and  aulphata  of  soda :- 


BaraadbMe*, 
I  ewt.  per  acre. 

Nilrate  of  Soda. 
11  e«t.  pet  acre. 

Bone  D<Ht,  or 
CrodMd   Bom., 
I  ion  P«  acre. 

Borxd  Bo»., 
8  or  7  ct.  per 

Sulphsle  of 
1   cwt.  per  acre 

Horn  .having., 
orGlno,7o?8 
owl.  per  ncie. 

UnuanuRd. 

lie.l.p«r.cre 

Nittale  of 

Soda. 

1  cwt  pe^  acre. 

*  Jowaal  of  (he  Eaflith  A(rieultural  Sodstf.  L  p.4<a. 
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Some  of  tlieae  experiments  most  of  yoa  naajr  easily  try.  TboM 
with  the  burned  bones  and  horn  shavingSi  which  in  this  put  of 
the  country  are  less  easy  to  be  obtained,  it  is  not  to  be  expected 
that  many  of  you  wiil  think  of  undertaking.  I  hopei  bowe?er, 
that  they  will  not  be  lost  sight  of  by  those  who  possess  facilitjei 
for  obtaining  them  in  sufficient  qnaotity  to  make  n  ssitisfactoiy  ex- 
periment 

In  many  parts  of  the  United  States,  gypsum  is  the  univenal 
fertilizer  for  every  crop^  and  among  the  rest  it  is  said  to  benefit 
turnips.  The  same  opinion  is  entertained  in  Germany.  I  snoot 
aware  bow  far,  in  what  wa¥,  or  with  what  results,  it  has  been  ap- 
plied to  the  turnip  crop  in  this  country.  A  simple  mode  of  testiDg 
its  efficacy,  however,  would  be  to  strew  it  over  the  plants  wbea 
in  the  rough  leaf,  on  part  of  a  field,  the  whole  of  which  had  been 
already  manured  in  the  ordinary  wav  with  fold-yard  manure.  The 
difference  of  produce  would  thus  show  its  efficacy,  in  the  ffiveo 
circumstances ;  and  the  experiment  could  be  made  e&ctuaUy  at 
the  cost  of  a  single  cwt.  of  gypsum. 

I  have  not  included  rape  dust  among  the  trials  above  suggested, 
though  it  is  undoubtedly,  under  certain  modes  of  management,  a 
benencial  manure  both  to  coru  and  turnip  cropik  There  is  also  a 
diversity  of  opinion  as  to  the  cause  of  its  fertilising  actioD,  as  well 
as  a  manifest  difference  in  the  effect  of  different  samples  of  the 
dust  on  the  same  soil.  Though,  therefore,  certain  expeiimeots 
which  I  may  on  a  future  occasion  suggest,  would  undoubtedly 
throw  light  on  the  cause  of  the  good  qualities  of  this  manure,  yet 
as  its  action  (taking  different  samples)  is  not  caruUaU  on  the  eame 
soil,  results  obtained  with  it  cannot  possess  the  same  importancei 
either  theoretical  or  practical,  as  those  which  are  observed  to  foUov 
from  the  use  of  bones  and  of  saline  substaiices»  the  composition  of 
which  is  nearly  invariable. 

Many  farmers,  however,  are  in  the  habit  of  constantly  neing 
rape  dust  If  any  of  these  could  conveniently  make  experimentB 
on  the  effect  of  diflferent  samples  Of  the  cake,  from  different  kindi 
of  seed,  and  from  different  oil  mills,  and  would  accurately  note 
the  results,  they  would  perform  an  important  service  in  preparing 
the  way  for  that  clear  explanation  of  the  cause  of  its  feitilising 
action,  which  is  at  present  wanted,*'  and  which  experiment  alone 
can  discover  to  us. 

*  Its  good  effects  are  ^ner»I]y  attributed  to  tbe  oil  which  is  left  in  thi 
■eed,  and  its  varyiDg  acuon  to  the  different  quantities  of  oil  left  in  i^  by  Ar 
ferent  crusbert — ^I  doubt,  however,  if  the  oil  oqght  to  be  cons^eredunMV* 
than  a  secondary  cause  of  its  beneficial  action. 


IV. — O/Polaioei. 

1°.  Nitrate  ofeoda  haa  been  applied  with  great  benefit  to  pota- 
toes also.  Afterthe  potatoes  have  been  liaiTowed  down  and  (hand) 
hoed,  and  the  plants  are  four  to  six  inches  above  the  ground,  it 
is  applied  by  the  hand  round  the  stetn  of  the  plants,  and  the  earth 
then  set  up  by  the  plough,  Mr,  Turnbull,  in  Dumbartonshire, 
last  year  nsed  in  this  nay  at  tbe  rate  of  IJ  to  2  cwt.  per  Scotch 
acre,  (1-^  English  acres,)  and  the  produce  exceeded  that  of  thA 
land  to  which  no  nitrate  was  applied,  by  20  Scotch  bolls  to  the 
Scotch  acre. 

2°.  Applied  in  the  same  way  there  is  every  reason  to  believe 
thaCthesulphate  of  soda  would  have  a  highly  beneficial  effect  also. 
1  repeat  my  recommendation  that  this  substance  ahoold  be  fairly 
tried  with  every  crop,  because  it  is  a  product  of  our  own  manurac- 
tories,  which  can  be  supplied  in  onlimited  qnantity,  and  without 
the  chance  of  any  material  increase  of  cost;  while  the  nitrate 
of  soda  is  already  in  the  hands  of  speculators,  and  within  a  short 
period  has  risen  is  the  market  to  the  eident  of  nearly  one-third 
of  its  former  price. 

Inpbstering  their  potatoes,  the  Americans  generally  pot  in  a 
■pooDfuI  of  gypanm  with  every  cutting — a  simiTar  method,  ifpre- 
ierredi  might  be  adopted  with  the  nitrate  and  sulphate  of  sodst 
though  the  chance  of  loss  bv  percolation  ihroaeh  the  soil,  wooW, 
by  this  method,  be  in  some  degree  increased.  In  Flanders,  wood 
ashes  and  rape  dwt  aie  freqfjently  thrown  in  by  the  hand,  when 
eachcuUin^is  introduced. 

3°.  I  Bhstil  have  occasion  bsreafter  to  recommend  to  the  attetb- 
tion  of  the  practical  farmer,  many  waste  materials  of  various  kindi, 
thrown  out  from  our  mannfkctories,  the  application  of  which  to 
useful  purposes  would  bs  a  great  national  benefiL  In  reference  to 
the  culture  oF  potatoes,  I  will  hare  bring  under  your  notice  the 
chloride  of  calcium,  which  is  said  to  have  been  beneficially  ap- 
plied to  various  crops,  but  ta  potatoes  aspociaUy,  with  suipriviiiff 
e&cU  Under  the  influence  of  this  substance  the  sunflower  ana 
maize  have  grown  to  the  height  of  11  to  IS  feet,  and  potatoea 
have  attained  the  weight  of  3  to  3  ponnds.*  In  Germany,  Spren- 
gel  also  found  it  useful  to  potatoes. — (CkeamfAr  LaiWBir&e,  L 

r-ma.) 

'  The  Bitlum,a  French  varisty  of  potato  Ulaly  ialroditced  ioto  Iha  Uni- 

*Tien  perfecOr 
in  the  spline- 


rha  Roian,a  French  varisty  of  potato  Ulaly  ialroditced  into 
lulei — bv  Ibe  ordianry  inade  of  cullure — yisldi  tobBr^  yer| 
^  weigh  3lbs.  andiDBiiTBttaintoihe  weigbtof  SIba.  when 
il  i*  nid  to  tn  ui  Picflllenl  table  potato,  and  lo  be  belt  in  111 


— ilfmiy  Cuitivuor./or  Afore*.  IMl. 
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Thousands  of  tons  of  chloride  of  calciam  may  every  year  be  pre- 
pared from  the  waste  materials  which  flow  into  the  river  Tyne* 
from  the  alkali  works  upon  its  banks.  Thousands  of  galloos  6[ 
the  solutioa  of  this  substance  yearly  run  oflT  from  the  works  of 
Messrs.  Allan  &t  Co.  at  Heworth,  and  might  be  procured  for  lit- 
tle more  than  the  expense  of  collecting.  It  is  also  contained  lazge- 
a,  though  mixed  with  other  substances,,  in  the  mother  liquor  of 
e  salt  pans ;  and  fiom  the  numerous  salt  works  on  the  coast 
might  readily  be  obtained  for  trial  When  prepared  in  the  dry 
state,  this  substance  rapidly  deliquesces  and  runs  into  a  liquid. 
The  most  convenient  way  of  applying  it,  therefore,  would  be  in  the 
state  of  solution — so  largely  diluted  as  to  have  only  a  slight  taste 
—and  by  means  of  a  watering  cart  so  contrived  as  to  aUow  it  to 
flow  on  the  tops  of  the  ridges  and  young  plants,  by  which  unne- 
cessary waste  would  be  prevented. 

Without  knowing  the  strength  of  the  solution  likely  to  be  ob- 
tained from  the  works,  it  is  impossible  to  give  any  idea  of  the 
quantity  of  the  chloride  of  calcium  which  ought  to  be  employed  ; 
but  5Q0.  gallons  per  apre  may  safely  be  usedf  if  the  solution  be  so 
hr  diluted  as  to  have  only  a  decided  taste  of  the  substance. 

The  experiments  here  suggested,  therefore,  require  four  patch- 
tSf  as  follows : — 


Nitrate  of 

Soda, 

Ito  l^cwt 

per  acre. 


Chloride  of 
Calcium, 

500  gallons 
per  acre. 


Sulphate  of  | 

Soda, 

1  to  1^  cwt 

per  acre. 


Manure 
only. 


These  experiments  are  supposed  to  be  made  in  ground  already 

frepared  for  the  ootato  crop,  by  the  usual  quantity  of  manure, 
think  it  net  unliaely,  however,  that  by  planting  the  potato  in 
tiie  midst  of  the  nitrate  or  sulphate  (sprinkled  over  with  dry  8oi}> 
at  the  rate  of  half  a  cwt.  per  acre,  and  afterwards  applying  one 
cwt  per  acre,  when  the  plants  are  hoed,  a  crop  might  be  obtained 
without  the  use  of  manure.  Of  coune,  such,  an  experimeiit 
as  this,  though  important  to  be  made,  should  be  tried  cautioue- 
lyi  and  on  such  a  scale  as  to  secure  the  experimenter  from  any 
serious  loesk 
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In  the  above  engjseetioAs  I  have  introdueed  nothiaf  in  tegard  to 
mixed  manures-^tbongh  where  plants  reqnke  for  tbo  Bvpplir  of  mil 
their  wants  nibe  or  teil  dififereat  ingredientB,  of  which  the  mnl 
they  grow  in  can  perhaps  yield  in  sufficient  quantity  only  thitBO 
or  four,  it  is  obvious  that  the  veiy  best  consb4i«eBcee  may  follow 
frosa  the  employment  of  mixed  mafinres.  Tb  this  ehMs  Mow 
.common  night-soil^  urine,  animalized  carbon,  poudrette  (night-soil 
mixed  with  lime  and  gypsum),  the  poudre  vegeUU^  (a  mixture  of 
Boot  and  saltpetre),  the  urate  (now  manufactured  in  London),  and 
many  others. 

The  mode  of  preparing,  and  the  special  uses  of  these  and  other 
mixed  manures,  will  be  explained  in  the  third  part  of  these  lec« 
tures,  which  will  be  devotea  to  the  consideration  of  the  nature  and 
uses,  and  to  the  theory  of  the  action  of  natural  and  artificial  fer- 
tilizers. In  the  mean  time  it  in  desirable,  in  the  first  place,  to  ob. 
tain  results  from  which  the  special  action  of  each,  when  usedaJona^ 
can  be  fairly  deduced. 

That  these  experiments  ma^  have  their  full  value,  it  is  Indif- 
pensable  that  a  measured  portion  of  each  field  should  be  left  with* 
out  miinure  or  dressing  of  any  kind.  In  otder  that  a  t^ue  Idem 
may  be  formed  of  the  exact  effect  or  each  substance  emp)oyeJL 
ExpeHments  ^it^  valuable  to  the  practical  man  If  thby  tii<»tiel^ 
show  the  supetiority  of  one  species  of  manure  over  aiibthi^r,  hSt 
they  aye  insufficient  to  show  how  much  each  of  them  tendb  to  ia- 
crease  the  produce— or  to  enable  us  to  arrive  at  a  ffatisfactok^  ex- 
planation of  the  mode  in  Which  they  severaily  adt  in  promoting 
Vegetation. 

Among  other  important  experinlents  lately  published,  t6  which 
the  above  observation  is  applicable,  may  be  mentioned  those  of 
Mr.  T.  Waite,  of  Doncaster.  The  eSbcts  of  nitrate  of  noda  on  hb 
land  were  very  striking,  showing  a  remarkable  increase  of  produce 
over  bone  dust,  rape  dust*  or  mtten  fold-yard  matiurie — ^bnt  he  does 
Hot  seem  to  have  determined  the  ptodoce  of  the  satne  land  during 
the  same  season  and  ^hout  manurt.  We  have,  therefore,  no 
term  of  comparison,  by  means  of  which  we  can  ascertain  the  ah- 
aolnte  or  even  the  exact  comparative  efibet  of  the  difibrent  substan- 
ces employed. 

It  has  been  well  observed  by  Sir  Humphry  Davy,  •<ihat  noth- 
ing is  more  wanting  in  agriculture  than  experiments  in  which  aU 
fkeetrenmi^neet  are  minutely  and  scientifically  detailed,  and  that 
this  art  will  advance  in  proportion  as  it  becomes  exact  in  its 
Methods."*    The  above  suggesttonb  are  submitted  to  praciioal 

*  Agricnltunl  Chemistry,  Lecture  t. 
24* 
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Bien  in  the  hope  that  thej  may  asaiat  ifr  introdneing  sQah  eaact 
naethods  into  onr  agricoltural  operationa*.  and  at  the  aame  tima 

£iomote  the  theoretical  adyancement  of  the  moat  important  ait  of 
fe. 

Eamct  methods  lead  to  theoretical  diacoveriee,  while  tbeae  aie 
no  leae  certainlj  followed  by  important  practical  imimnreinenta. 


No.  in. 

(fiee  JACturt  11.  p.  44.> 

ht  fflnstratioBof  the efiect of  indden altemattonaof  tempeimtore 
en  vegetable  8ubstaDce8>.ezplainediaa  note  subjoined  to  page  44» 
I  qnote  with  pleasure  the  foUowing  instmctive  letter  from  an  aUj 
conducted  Monthly  Journal  publiwed  at  Albany*  in  the  State  oi 
New- York,  under  the  title  of  the  CuUivaior.  It  ia  extracted  ftona 
the  Number  for  March  last : — 

*<  In  regard  to  Irish  potatoes*  a  still  thinner  covering  of  earth 
than  the  one  jdst  mentioned  suffices  with  us  to  preserve -them  frout 
rotting.  Indeedyjt  would  seem  as  if  they  could  fiteeze  and  thaw 
several  times,  during:  the  winter*,  without  being  destroyedr  provided 
they  are  covered  with  earth  aJl  the  time ;  for  we  often  fiud  them 
near  the  surface  and  perfectly  sound,  Jn  the  spring*,  when  spading 
np  the  ground  in  wnich  the  crop  had  grown  during  the  pievions 
-season.  There  they  must  have  undergone  freezing  and  thawinff 
whenever  the  earth  was  in. either  state,  as  it  often  is  to  a  mncn 
mater  depth  than  the  potato  roots  ever  extend.  Why  should 
Ukoae  roots  always  be  destroyed  when  they  freeze  above  grtntndt 
and  not  suffer  equally  when  frozen  under  ground? 

**The  reason  why  potatoes*,  apples*.  &c.*  become  soft,  and  rot 
when  frozen  and  then  thawed  suddenly,  uncovered  and  in  open 
air,  is  the  sudden  thawing.  You  may  put  a  heap  of  anplea  on 
the  floor  of  a  room*  or  ouer  dry  place*,  where  they  will  freeae 
perfectly  hard,  and  if  covered  close  with  any  thing  that  will  ex- 
clude the  air,  when  the  weather  becomes  warm  enough  to  thaw* 
the  apples  will  remain  sound  and  uninjured*. after  they  are  thoa 
closely  thawed.    The  cover  may  be  of  the  eeane  tow  of  flax»  or 
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hay  BTtioIe  that  will  cover  t^m  oUm  sai  ezclnda  Uw  ur.  So 
applea  mftf  be  pssked  io  a  tight  hunt,  if  firil  ud  beaded  u^  a»  u 
to  excluda  iba  air..  Thef  ma;  be  niftrad  to  remaJD  so  in  a  garrett 
or  any  dry  place  where  it  fieezee  kardi  and  they  will  be  found  aound 
end  freo'  from  injury.  If  tba  barrel  remaini  tight  till  they  are  (fto- 
Toughiy  Otatced,  It  is  the  Bndden  thawing  that  caBsoB  the  applea 
or  othOT  vegetables  to  become  aoft  and  rot. 

**  So  if  t&  fiiwerB  oD  yoDr  hand  be  frozeoi  and  you  ezpoee  them 
to  andden  beatliy  warming  them  at  the  fire,  aud  they  nddenly 
thaw  the  fleab  will  raoitify  and  alougb  o&  But,  if  you  Ireeie  your 
fingers  or  other  limbe,  and  put  them  ineiK>w,and  rubgently  till  they 
tbaw, — or  if  pot  into  a  pail  of  water  juat  drawn  from  the  well) 
which  will  be  leu  cold  tiian  your  frozen  fingen,— they  will  thaw 
slowly,  and  suffer  but  little  inJuR. 

"  So  dorinff  the  early  autumnal  froeta  in  Septeroberr.if  the  tDornr 
ing  after  the  met  ia  doadyr.the  froat  will  he  aiowly  drawn  Atxn 
the  frozen  vegetables,  and  they  will  be  ODiaiured ;  but  if  tbn  re- 
ceive the  rave  of  the  early  and  clear  snD,.tbey  thaw  so  suddenly; 
that  tfaey  will  hang  theifi  beads  and  parish.  If  wet  with  water 
from  the  welli  long  enough  te  attract  the  fiwat  befeM  the  ana 
shinee  on  them,  the^  de  net  MvSei. 

"  Oniona  are  a  difficult  root  to  keep  in  winter.  If  they  are  pot 
in  a  cellar  warm  enough  to  sare  them  from  froet  they  will  vege- 
tate and  be  deteriwtMd.  I  put  them  in  the  warehouse,  wbere 
they  freeze  as  hard  as  if  out  of  doora.  If  in  a  heap,  1  cover  them 
cloae  with  eome  old  clothes,  or  any  thing  that  covers  cldee.  te  ex- 
clude the  air.  The  sane  if  in  boxes  or  caelia.  They  freeze  bard, 
but  it  doea  not  appear  to  injure  them  for  present  ubc,  if  thawed  by 
putting  them  into  a  pail  of  fresh-drawn  water,  to  draw  out  the  froet 
just  before  cooking  them.  Onions  thns  kept,  will  be  in  good  con- 
dition in  the  aprjnghafter  thawing  under  cover  fron/the  air. 

"I  put  paianepB,  carrots,,  beets,  &^.  in  boxes  or,  casks,  and^ 
then  cover  them  with  potatoee,  which  preserves  tbem  from 
drying." 

Id  further  illustration  of  this  subject  I  need  only  rocall  to  the  re- 
collection of  the  gardener  the  well  known  fact,  that,  when  tba 
winter  frosts  begin  to  set  in,  and  his  finest  Sowers  to  be  nipped, 
those  continue  to  blow  tbe  longest,  on  which  the  sun's  rays  fall 
latest  in  the  day.  Dahlias  protected  in  this  way  will  bloom  ocr 
casionally  for  weeks,  a"  ' 
corapletely  withered. 

Profeasdr  Ijindley  has  published  a  eeriea  of  valuable  obaervar 
tions  on  the  effects  of  extreme  cold  upon  jtlants.  The  seneral  re- 
anlts  of  these  observations  are  staled  in  hia  "  Theory  of.  JfyrtifCl' 
titrt,"  p.  88.    But  tbe  cenclusiona  at  which  he  has  uiived  ars 
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deduced  ftvnn  the  appearaftee  presented  by  die  plent  alter  it  was 
Uunifed.  He  foend  the  tissue  more  or  leas  lacerated,  the  contents 
of  the  air  and  sap  teasels  iDtemitigled,  and  the  cokmring  natter 
and  ether  secretions  decomposed.  He  attributes  die  lacetation  to 
the  freezing  Md  consequent  expatieien  of  the  juices,  but  this  cao- 
not  be  the  necessary  consequence  of  that  fteeeing,  since  it  does 
not  appear,  if  the  whole  tuber  or  leaf  he  tHowXy  thawed.  I  would 
explain  the  phendmena  as  foUews  :-^ 

1«.  When  the  leaf,  fruit,  or  tuber  freezes,  the  fluid  portion 
lUghtly  expand  in  becoming  solid,  but  the  air  in  the  air  vesseli 
eontracts  in  at  least  an  equal  degree*  and  thus  ^lewa  a  latenl 
expuDsien  ef  the  sap  vessels  sufficient  to  ureTent  lesion.  Wbea 
tfatt  tesipettttnre  is  eUgfatly  raised,  the  air  expands  but  alightiy, 
and  ice  is  melted  long  before  tlie  gaaeeas  sttfaetanoes  leach  their 
original  bulk. 

ih.  But  if  the  rays  of  the  sun  strike  suddeely  ii}Nitt  the  leaf  or 
fruit,  the  sorikce  may  at  enee  he  raised  in  temperatare  30^  or  40^ 
F.  The  a^  will  censequently  expand  auddeniy,  and  before  the 
sap  is  thawed  may  have  distended  and  torn  the  ireasek,  and  caused 
eap  and  air  lo  be  mutually  intermingled. 

3^.  Bat  the  moment  the  sun's  rays  etrike  upon  the  green  leaf, 
its  chemical  Ainctions  commence,  it  begins  to  absorb  and  decom- 
pose carbonic  acid :  and  as  in  the  frozen  part  ef  the  leaf  the  circula- 
tion is  not,  and  in  consequence  of  the  lesion  cannot  be  established, 
the  chemieri  action  of  the  sun's  rays  must  be  expended  upon  the 
stagnant  sap;  and  hence  those  changes  not  only  in  the  sap  itself, 
but  even  in  the  solid  parts,  which  are  seen  to  take  place  in  the  with- 
ered  leaf. 

4^.  Though  not  in  a  state  of  growth,  the  tuber  of  the  potato 
contains  the  living  principle,  and  there  must  be  such  a  circulation 
going  on  in  its  interior  as  to  maintain  an  approximate  equilibrium  d 
temperature  throughout  its  substance.  A  sudden  thawing  of  the 
exterior,  will,  as  in  the  leaf,  expand  the  air  before  the  circulation 
can  be  established  throughout  the  frozen  mass.  The  solid,  fluid 
and  aeriform  substances  which  nature  has  separated  and  set  apart 
from  each  other,  will  thus  all  be  intermingled,  and  from  their  mu- 
tual action,,  those  chemical  changes  of  which  we  know  the  starch 
(of  the  potato  to  be>  susceptible,  will  speedily  ensue ; — in  other 
words»  the  potato  will  rot 

The  practical  applications  of  these  views  are  numerous.  If  i 
sudden  frost  come  on,— protect  your  delicate  flowers  in  the  early 
morning  from  the  rays  of  the  approaching  sun»  and  cover  with 
straw  or  earths  the  potatoes  which  have  been  left  overniirbt  in  the 
fleld.  * 


See  Appendix,  No.  t,  and  Lectures  mi.  and  IX. 

Ix  a  prwions  article  iiuerted  in  this  Appendix,  and  which  was 
published  ear^  in  the  present  spring  (April,  I84I,)  I  ventured  to 
offbr  to  the  practical  sjpricalturiRt  some  suggestions  in  regard  lo 
the  experintental  uia  of  Mrtaiti  unmixed  manures.  From  the  re- 
Bulta  of  these  ezperiments,  which  1  was  quite  sure  some  of  the 
manj  zeaJom  agriculturists  of  the  day  would  be  induced  to  under- 
take after  the  manner,  and  with  the  procautions,  I  had  pointed 
out,  I  anticipated  a  two-fold  adTantage.  In  the  first  place,  that 
important  practical  benefits  to  the  agriculture  of  certain  districts 
would  be  derived  from  them,  and  secondly,  that  interesting  and 
important  light  would  be  thrown  by  them  on  many  parts  of  agri- 
cultural theory.  It  is  bj  experiment  that  all  the  remarkable  re- 
sulta— theoretical  as  well  as  practicat— of  modem  chemistry  have 
been  arrived  at ;,  but  by  experiments  cantiously  made,  frequently 
repeated,  and  logically  reaaoned  from.  The  proceedings  of  the 
practical  farmer  are  a  continued  course  of  experimentel  trials, 
and  to  convert  him  into  an  experimental  philosopher,  and  to  lead 
him  to  philosophical  results,  it  is  necessary  only  that  his  experi- 
ments should  be  made  tot/ft  a  coratant  re/rrence  to  neieht  and 
mtature,  and  shonld  be  repeated  under  varied  and  carefully  noted 
conditions — and  that  he  should  be  taught  to  draw  from  them  no 
conclusions  more  general  than  they  really  justify. 

The  following  results  of  experiments  made  during  the  past 
■Brnmer  confirm  alt  my  anticipations.  Though  necessarily  some- 
what limited,  and  local  in  their  nature,  they,  nevertheless,  pre- 
aent  on  the  whole  a  beautiful  illustration  of  what  we  have  yet  lo 
expect  from  a  continuation  of  such  experimental  researches,  con- 
ducted in  ao  skilful  a  manner.  [,  need  npt  especially  commend 
the  experiments  of  Mr.  Fleming ;  for  I  can  scarcely,  I  think,  ren- 
der a  better  eervioe  to  pncticu  agriculture  thaa  bj  placinS  ^^  ^ 


I.  ExperiraenU  made  near  Aske  Hall,  o 
Earl  of  Zetland. 
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I  BO)  iodude  the  eipeoia  of  lajii^  it 


Mr.  Turner,  his  lordebip'a  a^nt,  thus  writai : — 

"  Tbe  plan  I  followetl  in  putting  on  the  diSbrent  manurea,  and 


UiB  OQUititica  mod.  accorded  u  neulj  ai  I  couM  mniisge  it,  with 
the  directioDs  giveo  in  four  published  lectureB. 

"  Tbe  field  on  vhich  tbe  ezperimenU  wete  tried  is  situats  ia  a 
h'lBh,  bleak  climate,  and  conBiets  of  a  tbin  light  soil,  upon  a  bad 
■iSiEoi!  of  barren  cjaj  resting  upou  limeBlone-  It  hwl  bean  com. 
pletety  exbaiuled  b;  a  luccesBloD  of  wbite  ctopB.  and  was  full  of 
weeds  and  quickeus.  1  had  it  well  pluQehed,  and  took  a  cii^  of 
drilled  turnips  fairly,  but  not  extTavaganuf,  manured.  Theorop 
was  a  poor  one.  I  ploughed  the  land  aa  Boon  ai  tbe  turnips  could 
be  got  off.  Drained  it;  and  in  the  sprio^  worked  it  very  fim, 
Tbe  following  August  1  sowed  it  away  with  graaa  seed*  withonl 
a  crop.  The  aeeiu  came  up  beautifully,  and  were  the  admiiatiM 
of  all  who  saw  tbsm,  keeping  a  deep  green  through  the  winter* 


"  I  need  scarcely  remark,  that  the  crop  of  grass  lor  such  land 
was  eoormous,  and  has  fully  repaid  the  money  expended  upon  it, 
with  the  exception  of  draining,  and  in  two  or  three  yeare  1  ha*t 
Qo  doubt  but  it  will  repay  this  alto." 

Rehasks. — On  comparing  the  effect  of  these  several  top* 
dressings  aa  indicated  by  Uie  results  above  stated,  the  reader 
will  be  struck  with  the  extraordinary  increase  caused  by  the  ad* 
ditioD  of  common  salt.  1  have  in  the  text  (Lecture  IX.,  p.  879) 
indicated  a  principle  which  mav  serve  to  explain  m  tome  me*. 
$UTe  both  the  localities  in  which  the  use  of  common  salt  may  be 
expected  to  he  beneficial,  and  tbe  reason  why  in  many  parts  of 
our  island  the  employment  of  this  substance  has  not  been  at- 
tended by  any  large  measure  of  success.  Tbe  poeition  of  tbe 
land  experimented  upon  by  Mr.  Turner,  is  such  as  to  lead  us  to 
expect  it  to  be  improved  by  common  salt,  according  to  the  view* 
there  stated. 

The  nitrate  of  soda  produced  less  eSect  than  either  tbe  com- 
mon  salt  or  the  soot,  but  it  gave  an  increase  whieb  was  doable! 
of  that  yielded  by  tbe  sulphate  of  soda.  The  latter  salt,  howevei^ 
was  applied  in  tbe  stale  of  crystals,  which  contain  66  per  ceaU 
of  water,  so  that  less  than  one-half  of  that  weight  of  dry  salt  was 
nsed,  which  was  recommended  in  the  suggestions  I  offered  for  the 
employment  of  this  substance  in  practical  agriculture.  At  th* 
same  time  the  price  paid  by  Mr,  Turner  for  this  salt  was/e«r 
times  as  great  aa  it  ought  to  bare  been.  Any  quantity  of  the  dry 
sulphate  <^  seda  may  M  procured  at  lOs.  a  cwt.* 
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The  most  yaluable  praetical  suggestfon  lo  be  derived  from  theei 
experiments  is  certainly  this — ^tnat  a  liberal  use  of  common  salt 
is  likely  to  increase  in  a  great  degree  the  produce  of  grass  in  the 
locality  where  they  were  made,  and  on  the  same  kind  of  soQ. 
This  valuable  discovery  will  far  more  than  repay  the  expense  and 
trouble  of  the  entire  series  of  experiments.  No  application  can 
be  so  cheap  as  this,  5>  long  tis  it  succeeds.  At  the  same  time  a 
mixture  of  the  other  substances — ^the  nitrate  and  the  sulphate, 
which  were  partially  successful— -might  possibly  prove  still  more 
efficacious  on  the  grass,  and  might  be  expected  even  to  amelionte 
the  condition  of  the  land  for  the  further  production  of  white  crops. 
In  a  future  part  of  this  Appendix  I  intend  to  ofier  some  sugges- 
tions  in  regard  to  the  kind  and  qnaniiiy  of  the  ingredients  which 
may,  with  probable  advantage,  enter  into  the  constitution  of  these 
mixed  manures, 

I  have  calculated  and  introduced  into  Mr.  Turner's  table  an 
additional  column,  exhibiting  the  weight  of  hay  yielded  by  100 
lbs.  of  grass,  with  the  view  of  showing  the  relative  succulence  of 
the  several  crops  when  cut  As  a  general  rule,  the  weight  of 
dry  hay  does  not  exceed  one-fourth  of  the  weight  of  the  grass 
when  cut  In  the  experiments  of  Mr.  Turner,  however,  the 
weight  of  hay  in  every  case  was  much  beyond  this  quantity — the 
most  succulent  crop,  that  to  which  no  dressing  was  applied,  yield- 
ing 86  per  cent,  of  hay.  This  general  result  may  have  been  part- 
ly due  to  the  state  of  ripeness  m  which  all  the  grasses  were  cot^ 
while  the  greater  produce  of  hay  from  the  dreraed  portions  majr 
indicate  the  relative  ripeness,  and  dierefore  dryness,  of  each  when 
cut  down. 

It  is  evident,  therefore,  that  the  relative  values  of  crops  of 
grass  or  clover  are  not  to  be  judged  of  by  the  several  weights 
when  green,  but  by  the  weights  of  the  dry  hay.  This  is  fuither 
confirmed  by  the  results  of  an  experiment  with  nitrate  of  Boda« 
communicated  to  me  by  Mr.  Carruthers,  of  Warmonbie,  near 
Annan,  in  which  the  relative  weights  of  hay  obtained  were  muck 
more  in  favour  of  the  use  of  the  nitrate  than  the  several  weights 
of  grass  yielded  by  the  dressed  and  undressed  portions  of  the 
field.  On  the  contrary,  from  a  field  on  Oliver  Farm,  near  Rich- 
mond, Mr.  Sivers  informs  me,  that  the  weight  of  hay  was  muck 
less  in  favour^  of  the  use  of  the  nitrate  of  soda  than  the  relative 
weights  of  grass.    In  all  cases,  therefore,  the  weight  of  the  dry 

*  In  Mr.  Siven*  ezpsrimentiL  100  aquare  ysrdt,  nUraled,  nve  66  moam 
of  hay,  unnitrated  53  Btonei,  but  when  dry  were  reduced  to  IS  ■taoee 
each.  How  very  randx  more  sacculent  these  giiiwea  were  then  those  oC 
Mr.  Tvner! 
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croM  obtained  by  different  methods  Bfaonld  be  compaied  with 
eacn  other,  as  the  safest  test  of  the  relative  merits  of  the  seve- 
ral modes  of  procedure  by  which  they  have  respectively  been 
raised. 

II.  Experiments  made  at  Erskine,  on  the  property  of  Lord 
Blantyre. 

I  insert  the  clear  and  well-digested  statement  of  his  Lordship's 
agent  without  alteration  : — 

«*  Fredandt  Erskinef  by  Old  KUpatrick,  GUugau^ 

29th  Jtdy,  1841. 
'*  Sir — Agreeably  to  Lord  Blantyre's  instructions  I  send  you  a 
copy  of  the  results  of  some  experiments  with  manures  on  young 
grass  for  hay,  undertaken  on  two  separate  pieces  of  land — the 
one  a  very  good  light  soil  (subsoil  gravel)  ;  the  other  stiff  clay 
soil  with  a  clay  subsoiL  The  manures  were  applied  on  1st 
May,  the  hay  cut  on  the  Ist  and  weighed  on  the  19th  Julv  cur- 
rent ;  the  extent  of  each  plot  one-twentieth  of  an  imperial  acre* 
From  the  small  extent  of  each  plot  it  will  be  evident  that  the  re- 
sults cannot  be  exactly  depended  on^  farther  than  as  a  general 
result ;  because,  in  so  small  a  portion  of  land  the  least  variation 
in  the  soil  or  crop  naturally  will  affect  the  results  very  materialpi 

S;  still,  on  the  whole,  i  am  of  opinion  that  the  experiment  gives 
e  comparative  view  of  the  value  of  the  different  manutes  used 
pretty  nearly. 

*'  One  thing  has  astonished  us  with  regard  to  soda  (nitrate). 
On  all  the  fields  I  have  observed  it  sown  on-,  the  part  dressed  has 
a  much  greater  vigour  of  aftermath  than  where  no  nitrate  of  soda 
was  given :  showing  that  this  manure  is  not  so  evanescent  as  was 
generally  supposed. 

**  I  am,  Sii>  your  most  obedient  servant* 

««Jas.  WasoN." 
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RtMAXKS-— It  will  be  obwirad  in  thaae  wtpwitnenta,  tittt  Aa 
■allpetre  and  nitrate  nf  cod*  produced  nearly  an  aqntl  incresM  oa 
both  kinds  of  BOil,  the  nitrate  of  loda  having  the  greater  efibct  on 
the  light,  tb«  nitrate  of  potaih  on  the  heaff  soil.  Next  to  these 
on  the  light  Boil  are  the  common  lalt  and  Bulphate  of  soda.thoagk 
on  thebeavj  ooil  tbecoffimou  salt  had  the  batter  effect  of  the  tw(k 
It  JB  to  be  obaerred,  howsTer,  that  in  thia  com  the  aulphate  WM 
need  iaeryBOla,  and  therefore  only  in  bdf  the  qnanti^  neon- 
mended.  Had  twice  the  qnantitf  bean  emplojed  upon  the  hgit 
■oil  the  produce  misht  have  equalled  that  frora  Lbe  Qitntes. 

It  ia  a  aingiilar  illnatratioD,  however,  of  the  neceaait;  of  app^- 
ing  diflhrant  anbataucea  to  difibrent  aula — thtt  ao  far  aa  this  ax- 
fiBriineDt  is  to  be  depended  opon,  the  anlphat*  of  aoda  almoat  eiu 


ttrely  buled  on  the  heavy  1> 
The  moat  valudtle  prav 
■too,  ia,  that  on  both  of  the  aoila  in  qtuatkni,  the  graaa  bnd  an  kg 


t  valudtle  practical  deduction  from  these  eueriiiM 
t  on  both  of  the  soils  in  qtustitni,  the  grass  usd  tr 
frturU  eonditum,  mar  be  salted  to  advantage.    At  the  same  thne, 


It  spears  probable  that  on  the  light  soil  the  increased  produce 
woold  anplr  repay  the  coat  of  appljiog  either  nitrate  or  anlphato 
of  aoda  at  the  rata  of  120  lbe.  pet  acre— the  latter  being  in  its  irf 
or  nncTTatallixed  state. 

The  efibet,  generallj,  of  all  the  dreaslnga  ia  etrikingly  greater 
on  the  light  soil — a  tuat  which  speakB  alroBglj'  in  f&vor  of  tha 
adoption  of  any  of  those  methoda  by  which  the  openness  andfna. 
bili^  of  the  land  has  been  found  to  l>e  permanently  proOKited. 
Od  the  Btiff  soil,  even  the  ammania.  by  Borne  deemed  so  ritallj 
neceaaary  to  vegetation,  appears  to  have  produced  no  sanaiblq 
alteration. 

III.  Experiments  made  under  the  iomiediate  ■nperintendenea 
of  W.  Fleming,  Eaq^  of  BarochUi  near  Paisley,  and  on  his  own 
property.    The  atateineut  ia  drawn  up  by  Hr.  Fleming  himselL 

1. — Experimtntt  <m  l&y  with  NilraU  vnd  Svlfkalt  ef  Soda  and 
mUh  Qjfptum. 

On  Covenlea  the  drMaings  were  applied  cm  tha  Snd  of  April, 
and  the  hay  cut  on  tlte  Sod  of  luly  ;:  oo  lbe  other  fields  the  nifrate 
and  gypsum  were  applied  on  the  ISth  of  April,  and  the  bay  citt 
on  the  9th  of  July. 
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Field. 


.Covenlea. 

Do. 

Do. 

Do. 
Crook's  High. 

Do. 
Crook*8  Low. 

Do. 

Do. 


DeieriptioB  of 
Drotsing. 


Nothing. 

Nitrate  of  Soda. 

Sulphate  of  Soda. 

Gypsum. 

Nothing. 
Nitiate  of  Soda. 

Nothing. 
Nitmte  of  Soda. 

Gypsum. 


Rate   per 
imp.  Rood. 

__ 

40  ibs. 

40  lbs. 

10  ibs. 

40.  lbs. 

40  lbs. 

80  lbs. 

Weight  per  i     Weigkt 
Rood,  green.  vlieD  wkSi 


3361  Ibs. 
4907  " 
3966  '* 
3831  «* 
4436  <« 
4999  *• 
2185  '• 
3764  '* 
3110   " 


1120  Ibs 

.  1636  *'   ' 

I  1322  " 

1277" 

1478** 

1666** 

728'* 

1254  •  • 

1036" 


Character  of  the  «o»^.— -Nos.  1,  2, 3,  and  4,  were  good  sharp  soil  ooftft^n 
rocki  decayed  trap,)  all  as  near  as  possible  the  same  description  of  Isad, 
draiiied,  and  lying  together.  Nos.  1  and  2,  Crook's  High,  stiff  clay,  dnio' 
•d ;  the  hay  was  after  wheat.  Nos.  1,  2,  and  3»  Crodt's  Low,  light  day- 
loam,  drained ;  the  hay  was  after  barley. 

N.  B.  The  above  is  th9  average  ot  trials  in  three  parts  of  tin 
Coveniea  field ;  a  small  portion  of  nioss  was  also  sown  with  ni- 
trate of  soda,  in  the  low  part  of  the  same  field,  but  no  benefit  was 
obflMervable,  beyond  the.  usual  dark  green  colour  which  appeared 
about  ten  days  after  the  application.  The  sulphate  of  sodii  al- 
though evidently  beneficial,  does  not  produce  the  dark  gieea 
colour.  In  the  Crook's  fields  the  effect  of  nitrate  of  soda  in  pro- 
ducing the  dark  green  colour  was  as  remarkable  as  in  the  Covenlet 
field.  The  Gvpsum  on  both  fields  seems  to  have  had  a  good  ef- 
fect, particularly  on  the  aftermath  clover. 


ItEifABK8.~^In  these  experiments  also  the  sulphate  of  soda 
was  used  in  only  half  the  quantity  recommended.  By  refernng 
to  the  prices  paid  by  Mr.  Fleming,  it  will  appear  that  the  use  of 
8uh>hate  of  soda  gave  an  increase  of  200  lbs.  of  hay  for  Is.  9d.  (or 
600  lbs.  for  4b.  5d.),  while  the  nitrate  of  soda  gave  an  increase  of 
616  lbs.  for  7s.  lOd. ;  so  that,  though  the  actuaj  increase  of  hay 
per  rood  was  considerably  less  by  the  use  of  the  sulphate,  yet  that 
increase  was  obtained  at  little  more  than  half  the  cost  of  the  same 
weight  of  increase  derived  from  the  nitrate.  A  similar  remark 
applies  to  the  gypsum,  so  that  these  experiments  give  ample  en- 
conraflement  for  the  application  of  both  these  substances  in  some- 
what  Taige  quantity  to  8UC<<ee4.iog  c]:ppe,.  oq  the  same  land. 


2^£x]wrtm«»U  on  Wwier  Rfe,  dremd  tttih  Ntimb  4  iSoiH^ 
Lime  wUh  Potash,  Sulphate  of  Soda,  and  Mvfiate  ^  AmmoKia 
(  Sal  Ammoniac.) 

The  applications  were  made  on  the  14tli  of  April,  tbe  grain 
was  cut  on  tlie  9tb  of  August,  and  thrashed  on  the  25lb. 


.. 

,^ 

D«ili.,. 

«.p«i.l 

per  rood. 

Weifblof 
pernud. 

rooO. 

Garden  Plot, 
Da. 
Do. 
Do. 
Do. 

Nothing. 
Nitrate  of  Soda. 
Lime  flDd  PoM>b. 
Sulphate  of  Soda. 
Mor.ofAmmoai.. 

«,  " 
10    ■' 

5    " 

1<10  Ibt. 

272   •' 
W4    ■' 
333    •• 

1034  IbB. 
1664   " 
1344  " 

isie  " 

1 

CkaraeHraf  lie  Bait.— JHW.rHy,  wlncblMd  been  irMebed,  and  io 

Ciluea  the  vear  befont.     Tbe  Eve  •>•  iowdm  tbeir  being  lifted  in  Ocu- 
,  1840. 

N.  B.  Aa  early  as  tbe  end  ef  April  the  efficts  of  th*  iiiti»l«  of 
soda  were  very  apparent  from  the  dark  Etam  colone  produced) 
and  broad  leaveB^  and.aitar  it  wae  ripe  tbe  beads  were  looffei 
than  any  of  the  others ;  but  it  was  so  strong  that  it  waa  laid  a 
month  before  it  was  cut ;  none  of  tbe  others  were  laid.  'Every 
application  seemi  to  have  done  eood.  by  increasior  the  prodaea. 
The  potash  and  lime  was  made  by  backing  quick-lime  and  aand 
with  a  soldtioQ  of  potash,,  and  allowing  them  to  lie  together  for  a 
month.  Aa  much  was  as<ed  as  contained  1.1b.  of  cuboflate  of  f>ot- 
asb  to  the  pole. 


Reuarca. — From  these  ezperimenta,  it  appears  that  besides  the 
proportioDBte  increase  of  straw,  that  of  gi«ia  waa 
from  nitrate  of  soda,.     1-2  bushels  fbcSla.  Od.,.or  Ss.  M.  pr.  bosb.  i 
"     lime  and  potash,      7    "        for 38s.  6d.,or4H.  9d.       " 
"     sulphate  of  soda,     3    "        for  TB.0d.,or2B.4d.       *■ 
"     sal-ammoniac,         5    "        forl0a.9d.,or2s.2d.       " 
Although,  the  re  fore,  the  total  increase  hy  the  employment  of  suU 
phate  of  soda  and  muriate  of  ammonia,  in  the  proportions  actuaU 
ly  put  on,  was  not  so  great  as  by  the  use  of  the  other  two  dress- 
ings, yet  this  increase  was  obtained  at  a  coaaiderably  kw  coM 
per  bushel.    The  lime  nnd  potash,  though  producing  an  impoT*. 
tant  effect,  will  probably  not  yield  a  remuneratJB^  retnni  wtttfe 
tjijs  crop  on  this  loH,  while  the  results  hold  out  a  fair  indocBlQA'*^ 


3^ 


€or  tile  trial  of  the  last  two  drMtsingB  inlai^ger  and  varied  pro- 
portioDB. 

The  five  aamplee  weighed  re8pectivel7,<-r45fv  5tf^  514^»  52f, 
and  48f  lbs.  per  bushel,  so  that,  while  on  ajlth^  dressed  plots  the 
grain  was  heavier  than  on  the  undressed,  that  which  was  dreosed 
with  aulphate  of  soda  was  considerably  the  heaviest 


'ExfermetOi  an  Wheat  JieU  CrooVt  (crcp,  18H.) 

The  applications  were  all  made  on  the  13th  of  April,  and  the 
Clop.  was  reaped  on  the  2nd  of  September. 


^1 
2 

3 

4 
5 

6 

7 

8 

.9 


DMcriptii^B 
of  Top-arefiiBf 


Nitrate  of  Soda 

Poiufa 

and  Lime. 

CotnnonSalt 

Mur.  Ammonia 

Nitrate  of  Soda 

and-Gypmm' 

Nitrate  oC  Sqda 

and  Rape-dust. 

Mnr.  Ammonia 

and  Lime. 
Common  Salt 
and  Lime. 
Nothing. 


Rtte  per 

eooiekacre. 


160  Ibe. 
leOlba.     \ 

40  bush.  5 
160  Iba. 

20  Ibe. 

scabs. 
160  bosh. 

80  lbs. 
5  cwt. 

SO  lbs. 

40  bosh. 

28  lbs. 

80  bush.    ! 


Wat|:hc  oA  Weigftk  Woii^t  ef  to- 
produce  of      oi       t»l 
Grain    of    Grain 
l-8th  acre  par  bahL  U9th  urn 


209  lbs. 
210 


M 


249   •* 
208   « 


214 
240 
230 


<« 


it 


li 


f  190 


'i 


63  lbs. 

62  « 

62  " 
62  ". 

62  " 

62K 

,63  " 

631" 
6t  •« 


94ttMba. 

8^30    •* 

12^4<h 
8,360 

8,680 


«• 
u 

<« 


U,970 

9,500 

8,740 
8,050 


€€ 


«C 


t« 


Character  of  the  £fo»f.— The  land  was  heavy  loam,  and  of  ae  nearly  ae 
possible  the  same  qoality.  It  had  been  in  potatoes,  and  the  wheat  w«a  aofwn 
when  tUej  wei^  lifted  in  Qptober^  1840, 

The  produce  of  ^th  of  a  Scotch  acre,  thrashed  and  weighed  and 
well  cleaned,  eave  an  average  of  from  9S  to  ^  busheb  of  61  Ibe. 
each  per  Slcotc^  acre  of  grain. 


Rbmabss. — This  table  presents  us  with  two  remarkable  _  _ 
raits, — that  obtained  by  the  use  of  common  salt,  and  that  frotn  a 
V^izture  of  soda  and  rape-dust    Thu8,,ezclusiTe  of  the  straw, — 

Nitrate  of  soda  alone    j  8*^«  ^^  ^^.""^  ^^«*^  [""^  ^^"^  ^  ^^ 

}  2d.  per  bushel; 

1II»m4a  with  Mnik  Jn.«  5  ff^v^e  400  lbs.  of  wheat  for  ids.  6dn  or 
Vitiate  with  rape-dnst|K  fis. ftl per buahel ; 
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Common  salt 


•  •  •  • 


^  Sr&Te  472  lb0  of  wheat  for  9i.  dd.*  or  6dL 

(  per  bushel. 

The  increased  produce*  by  the  use  of  common  salt,  is  by  far  the 
most  Taluable  result  to  Itfr.  Fleming  in  an  economical  point  of 
view,  and  plainly  indipates  tba  kind  of  application  he  can  most 
profitably  make — ^to  his  wheat  crops  at  least— on  land  similar  to 
the  above,  and  in  the  district  where  he  resides. 

Neither  the  nitrate  of  soda  nor  the  mixtpre  of  this  salt  with 
rape-dust,  gave  such,  an  increaqie  as  to  repay  their  own  cost,  un- 
less when  corn  is  very  high.  It  is  interesting^  however,  to  ob- 
serve that  the  mixture  with  rape-dust  gave  so  larffe  an  increase, 
though  the  value  of  this  particular  experiment  is  fessened  by  the 
absence  of  any  trial  with  rape-dust  alone,  by  which  the  eroct  of 
each  of  the  ingredients  ought  to  be  judged  of.  I  have  reckoned 
the  rape-dust  ^t  ^  a  ton,  so  that  5.  cwt  would  cost  26s.,  and 
we  know  that  a  top-dressing  of  this  substance  alone,  in  a  some- 
what larger  quanti^,  gives  a  rempnerating  return  in  many  of  our 
wheat  lands. 

Mr.  Outhwaite,.of  Banesse,  in  the  North  Riding  of  Yorkshire, 
a  skilful  and  ent^rp^sing  practical  farmer,  who  has  for  some 
years  been  using  rape-dust  over  a  great  breadth  of  his  wheat 
crops,  has  favoured  me  with  the  result  of  one  of  his  more  accu- 
rate trials  on  spx;ing  wheat,,  made  during  the  past  season.  The 
wheat  was  sown  after  tulips  taken  off  m  April,  and  part  of  the 
field  was  dressed  with  rape-dust  at  the  rate  of  5j-  cwt  (or  at  jS7 
a  ton,  of  40s.),  P®^  <^P^*  '^^^  produce  of  the  dusted  portion  was 
dd  bushels,  and  of  the  undusted  29  bushels  per  acre,  and  the  in- 
crease of  straw  was  one-fifth  of  the  whole.  Both  samples  were 
of  equal  weight,  and  sold  at  the  same  price, — 8s.  3d.  per  busheL 
In  this  experiment  the  increased  10  bushels  cost  40s.,  or  4s.  per 
bushel,  giving,  on  a  large  breadth  of  land,  a  handsome  remunera* 
tion. 

These  results  will,  I  trust,  encourage  others  to  make  trials 
similar  to  those  qf  Mr.  Fleming  and  Mr.  Outhwaite ;  while  these 
gentlemen  will,  doifbtlesB,  be  induced  each  to  try  that  application 
which  has  succeeded  so  well  in  the  other's  hands.  It  might  be  useful 
as  well  as  interesting  to  compare  the  produce  of  four  plots  arranged 
and  dressed  as  follows : — 


Common  Salt 

Rape-dust 

Common  Salt 

and 

Rape-dust. 

Nothing. 

• 

4^-JB3>perimait$  OK  Earhf  Paialoe*,  1841. 
All  were  dunged  in  the  usual  iDinoer  with  hnn-jtrd  manure, 
at  the  rate  of  about  30  cubic  Tarda  per  acre.  The  potaloea  were 
all  planted  on  the  2Sth  of  March  on  the  tuM  heaty  black  tmL 
The  aeverol  dreaiioga  were  appled  on  the  30th  of  May,  and  the 
potBloea  were  all  lifted  on  tbe  I&tb  of  September. 


M*. 

cc 

^^ 

Fndun   1      WilfkinT 
pa  imp.        Fradwwof 
'l^      IB  r>rd.  drill. 

Note.— Tbe 
DBckbas  IW 

•d«bt,.>die 

mka  .  boU  « 
Scwt. 

1 
S 
3 
3 

Nitru.  of  S«l>. 
Sol  phmwoF  Soda 
Do.SLfi\a.otS«in 

160  lb*. 
200  " 

aoo  •■ 

eebdU. 
80    •■ 
73    " 
107     " 

n  u>*. 

93   » 
86  " 
12*   " 

Thia  break  of  ground  conaiats  of  a  piece  of  poor  day  mixed 
with  raoea,  about  9  inches  deep ;  sabsoil  a  Tery  atiff  bine  tilL 
The  dung  waa  old  from  the  farm-yard,  about  the  (vdinary  quantity 
(30  cubic  yards  per  acre)  spread  upon  the  land,  and  dug  in.  'Ilie 
potatoes  were  drilled  in  with  the  hoe  ;  aa  the  ground  was  wet  tbe 
plants  came  up  bat  weak.  The  citrate  of  soda  nas  sown  before 
the  other  top-dressings,  and  had  remarkably  quick  a^ct,  aj  it 
ahowed  the  third  night  after  being  sown.  The  sulphate  of  soda 
does  not  oceaaion  the  dark  green  colour  which  ia  seen  upon  tbe 
potatoes  after  the  dresainr  of  the  nitrate,  but  there  ia  not  tbe 
smallest  doubt  of  its  beceficial  effecta,  although  not  in  eo  gr«at  a 
degree  as  the  nitrate.  The  ni^cture  which  is  composed  of  |ds  of 
sntphate  of  soda  and  ird  of  nitrate,  has  a  wonderful  e&ect  in 
■transtheniDg  the  growth  (which  it  keeps  longer  than  with  nitrata 
alone),  and  tie  mixture  haa  the  aame  effect  in  producing  ibe  dark 
green  colour  as  the  nitrate  alone. 


REM1.HES. — That  a  mixiart  of  substances  is  likely  to  be  mora 
efficacious  aa  a  dressing,  than  the  application  of  one  substance 
alone,  except  in  peculiar  circumstances,  is  consistent  not  ooly 
with  long  practical  experience— for  how  many  substanceB  are 
mixed  together  in  farm-yard  manure?— hut  also  with  the  theo- 
retical principles  laid  down  in  the  text.*  These  experiments 
upon  potatoes  show  that  this  crop  upon  Mr.  Fleining'a  land  was 
benefitted  by  both  nitrate  and  snlphaie  of  ooda,  but  in  a  vastly 
greater  degree  by  a  mixture  of  the  two.    And  1  might  conaider, 

*  SeaLeabire».IX.  and  X, 
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mj  Buggeations  in  Testtrd  to  the  employment  of  enlphata  of  soda 
u  B  manure,  to  have  been  of  no  mean  use  in  practical  agriculture, 
had  it  led  to  nuthiDg  olsa  than  to  this  happj  niizture  of  Mr. 
Fleming. 

I  have  received  ajao  Trom  Mr.  FlerDlng's  gardener  (Ur.  AIexan< 
der  Gardiner)  a  very  well  digested  andwell  drawn  np  paper,  de- 
tailing numeroua  experitnenta  made  by  himself  during  the  past 
Bummer.  Among  these  ia  one  upon  the  use  of  tbia  same  mixture 
upon  the  potato  crop,  which  I  Bhall  quote  in  bis  own  worda  : — 

"  April  26th. — Planted  potatoes  of  the  red  Don  variety,  soil  a 
Qtellow  loam,  two  feet  deep,  subsoil  yellow  till.  Farm-yard  dung 
vas  trenched  in  some  days  before  planting,  at  the  rate  of  40  cubic 
yards  per  acre  ;  sets  drilled  in  with  the  hoe.  Plants  came  up  very 
regular,  and  were  top-dressed  nith  a  mixture  of -f  sulphate  and 
^  nitrate  of  aoda  on  June  2nd,  at  the  rate  of  3  cwt.  per  acre. 
Tbey  grew  very  strong  after  this  application.  Stems  tix  and  senen 
feet  in  Iftiglh,  dark  green,  and  the  produce,  when  lifted  in  October, 
was  16  Renfrewshire  pecks  or  35  Iba.  each  per  Scotuh  fall  of  po- 
tatoes fit  for  market" 

This  produce  is  equal,  I  believe,  to  about  36  tons  per  Scotch, 
or  SI  tons  per  imperial  acre,  about  equal  to  that  of  lUr.  Fleming 
with  the  samemixture.  And  what  an  amazing  luxuriance  of  vege- 
tation to  yield  at  once  stems  7  feet  in  length  and  upwards  of  20 
tons  of  tubers  per  acre  1 

Those  who  are  the  moat  skeptical  in  regard  to  the  benefits  to  be 
derived  from  agricultural  experiments,  when  well  conducted,  will 
scarcely  question  the  Importance  of  this  result — the  most  back- 
ward in  making  experiments  will  be  anxious  to  repeat  this  upon 
his  otrn  potatoes.  The  cost  of  the  mixture  to  be  applied  In  the 
quantity  used  by  Mr.  Fleming  is  aa  follows  : — 

Nitrate  of  Soda  .  .      73  lbs.  at  3^ 14    9 


The  return  fur  this  21e.  8d.  was  in  each  of  the  above  cases  up- 
wards of  8  tons  of  potatoes. 

I  may  here  mention  two  other  interesting  experimenta  of  Mr. 
Oardiner,  in  which  he  tried  the   effect  of  sal-ammoniac  upoii  his 


potato  crop, — 
lo.  lathe  [ 


>  one  he  mixed  eal-ammoniac,  previously  dissolved 
in  water,  in  the  proportion  of  1  lb.  to  each  cubic  yard  of  a  conu 
pMt  formed  ftom  the  refuse  of  the  garden,  and  planted  eulj  V>- 
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tfttoet  with  it  at  the  rate  of  85  cubic  jardfl  per  acre.  Thepio. 
dace  was  one  aizth  more  than  when  no  ammonia  wai  wed.  The 
variety  of  potato  waa  Taylor's  forty-fold*  the  soil  mou  and  day. 
The  cost  of  this  application  was  19e.  per  acre. 

2o.  8al*ammoniac«  disaoived  in  water*  waa  KHinkled  on  womot 
peat  earth,  at  the  rate  of  SOlbe.  to  a  ton  of  earth,  and,  after  itrev- 
Ing  a  little  lime  at  the  botton  of  the  drills,  this  miitme  wu  pat 
inat  the  rate  of  Stons  peracre.  The  potatoes  were  14dajni«ter 
in  cominff  through  theground  than  the  same  variety  planted  vith 
farm-yard  manure.  The|r  were  atrong  In  the  stem,  of  t  dark 
green  colour,  and  equal,  m  point  of  produce,  to  the  otbera  Tfae 
variety  of  potato  was  the  Irish  apple,  the  soil  a  very  light  hrovn 
loam,  of  that  description  locally  named  deaf. 

I  may  observe  on  this  latter  experiment,  that  the  applicatioa  ta 
not  so  simple  as  it  appears.  The  lime  would  deconpoM  the  a^ 
ammoniac,  and  form  chloride  cf  cofetttm,  while  ammoaia  wdum 
be  liberated.  The  effect,  therefore,  may  be  partially  due  to  bcrtk 
It  will  be  recollected  that  in  a  previous  part  of  thif  Appeadix  I 
suggested  the  trial  of  this  chloride  of  ealcium  as  a  top-drewof 
for  various  crops.  ] 

6.— £jrjMrtm«i/f  on  Mas-OaU^  aotom  ahmU  Isi  M&jft  1B41,  <op- 

Jreasea  25ik  June, 


Na 

1 
2 
3 
4 

6 
6 
7 


TopHlresring  per  pole  (imperial). 


Nothing. 

Bones  difttolved  io  tulphurio  acid  and  oittmte  of  soda  }  lb. 

Solpbate  of  soda  |  lb.,  bone  dust  |  peck. 

Potath  1  lb.,  linM  and  bone  dost )  peck. 

Chloride  of  caldttoi  1  lb.,  bones  |  peck. 

Lime,  potash,  and  chloride  of  calcittm,  |  lb.  eaoh. 

Pota^  and  linM,  nitrate,  and  bonea,  i  H>.  eafch. 


CkaraeUr  of  tJU  Soa.^Mott  4  fiwt  to  clay.  No.  2  the  bsfC  en^^ 
iviest  grain  (not  thrasbed).  Not.  3,  4,  and  5  not  so  good  u  No.  %  sat  •u 
ich  better  tlian  Nos.  1  or  6.     No.  6  the  worst— not  better  than  No  1.   fl«> 


heaviest 

much 

7  Teiy  good— next  to  No.  2. 


•« These  top-dressings  were  applied  on  the  Sthof  Jsds,  a^i»7 
the  a4th  there  was  a  striking  improvement,  espeeialb  oe  Na.x 


and  No.  7.  It  waa  quite  visible  in  greater  atrsngth  ans^^ 
of  crop.  One  or  two  of  the  others  also  showed  i'"P'^^^*°^^'!! 
not  so  visibly  as  lo  merit  particular  notice.  1  examiosd  tMO 
from  time  to  tone,  and  at  dilleient  dates :  theappetr«ac«fa<» 
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the  nme  aa  noticed  npcm  June  24tb.  I  tgain  eunnined  tbem  a 
few  day  •.before  they  wen  cut,  when  I  waa  mnch  BatiB6ed  with  No. 
3;  Ibe  Mraw  appeared  to  me  ai  •tiff  and  Bhining,  and  the  eat  as 
well  filled,  aa  if  it  had  been  grown  upon  stiff  kun,  and  1  eonridtr 
On  tamte  drariitg,  applied  to  grain  crop*  upon  mot*,  uiU  mturt  a 
good  crop  of  irtU-fiSed  oait.  No,  7  was  nearlj  aa  good,  but  the 
want  of  the  bones  being  dieaolTed  was  a  drawback.  However,  I 
coiuideT  tlie  two  merit  tbe  expense  of  another  trial." 


RiMAXKS. — TbcM  axpariDMnts  of  Hr.  Fleming  on  moea  oati 
may  be  considMcd  aa  afiording  another  illDstiation  of  the  beneSta 
which  are  jet  to  accroe  to  pnctioal  agricnttore  from  tbe  nggee- 
tiona  of  natnnl  science.  It  is  weU  known  to  tboee  who  have  di- 
rected  their  attention  to  Um  reclaiming  irf  peat  Janda,  that  the 
cTopa  of  oats  raised  on  such  land  jri^abaodance  of  stnwi  but 
that  the  ear  is  email  and  badlj  filled.  It  ia  also  well  known  that 
clagaig  Bucfa  landa  JB  an  almost  unfaiUng  remedy  for  this  defect  in 
tbe  ear,  uwell  as  for  the  less  important  one  which  ia  also  obaerved 
in  the  straw.  H j  friend,  Mr.  Alexander,  of  Sontb  Bar,  a  neighboBt 
of  Mr.  FlemiDg,  and,  like  him,  extensively  engaged  in  the  unprov*. 
ment  of  peat  lands,  finding,  as  nxiet  outer  persona  haveitbatin 
some  loealiliea  the  claying  of  bis  land  was  very  expensive,*  con- 
ceived the  idea  that  aome  cbemical  application  migot  be  made  to 
this  Boil,  which  would  sapply  what  the  defective  oatplania  require^ 
and  thus  superMde  tbe  neceaaity  of  eiaying.  Ho  wbb  pleaaed  to 
coramunicate  this  npinioQ  to  me — stating  the  defect  in  the  aap, 
and  Baking  a  chemical  remedy.  Looking  chiefij  to  what  waa 
evidently  required  by  the  ear,  1  auggested  a  trial  of  varioua  mix- 
tures! in  aU  of  which, — from  an  idea  that  ptxtspbates,  among  other 
subBtancee,might  beneeeaaary  toeo(»p2<<ethe  ear — booe-duat fbfin 
s  neceBsary  part  The  nvult  of  these  auggestiona  ia  seen  in  the 
above  experimeuta  of  Mr.  Fleming.  Thev  have  been  varied  and 
ifliproved  upon,  aa  Mr.  Fleming's  united  cbemical  knowledge  and 


*  Mr.  Qaiden,  of  GIcbm  Hosfe,  i*v  Dumfriu,  ■  (anilanwn  to  whom, 
though  peraonall;  unknown,  I  ■in  indebted  for  manj  nimbia  cBmrnanios- 
lions,  iuhirmi  nw  ibsl.  in  impnning  U)  pnRNii  peat  laada,  be  ba)  fcnnd  it 
occsHarji  to  la;  on  a  roatiiig  of  clay  niiinchet  thick,  at  an  expenie  of  £1S 
BD  am.  A  cDnting  of  lao  or  three  inrlm  on  Mnr  pent,  ha  aaj),  linka  down, 
and  in  a  tew  yean  deicendi  beyond  the  reach  of  tbe  plungh,  udbeaceitia 
fnorc  economical  to  lay  on  at  once  an  entire  ami  of  tii  incbea* 


if  not,  indeed,  eminently  Bucceesfnl.  Too  much  confidence,  bov- 
ever,  must  not  be  placed  on  tbe  efltctB  obeerved  in  one  or  two  is- 
BtanceB ;  yet  I  hope  those  above  stated  are  sacb  as  will  indoce 
otheru  to  repeat  IJie  experiments  with  fqnsl  care,  in  order  tint 
another  year,  tflbrding  ue  more  numeroue  results,  may  enable  ne  b 
bue  our  conclusioae  upon  a  larger  experience. 

6. — Experimtnlt  upon  Oalt  top-stressed  teilk  SuijAate  and  Altmlt 
of  Soda  {lower  end  of  Bam  Park.} 
"Tbe  first  was  sown  on  tbe  11th  Hay,  viz.,  9  ridges  with  bdI- 
phate  of  soda,  at  the  rate  of  I  j  cwL  per  acre.  This  was  examined 
nom  time  to  time,  but  tbere  appeared  to  be  little,  if  uiy,  difierence 
f^m  the  general  crop  (it  baa  not  yet  been  thrashed.)  Next,  3 
ridges  were  sown  with  nitrate  of  soda,  at  the  rate  of  80  lbs.  per 
acre.  This  made  a  little  alteration  both  in  colour  and  etrengtii,  bm 
it  was  too  little  to  make  a  very  decided  difference.  Also,  aking- 
aide  of  the  last- mentioned,  a  piece  was  dressed  with  a  mixture  of 
Bulphate  and  nitrate  of  aoda,  in  Ibe  proportion  of  frda  of  the  for- 
mer to  ^rd  of  tbe  latter.  This  immediately  took  the  lead  of  the 
others  both  in  colour  and  itrengih,  so  much  eo^  that  by  May  27tb 
it  could  be  seen  from  a  diatancc.  Many  ezatninations  were  made 
of  them  all  during  the  season,  and  this  always  appeared  tb«  best 
A  few  daya  before  it  was  cut,  it  showed  the  largest  and  beet  fiUed 
ear.  There  was  a  piece  of  yellow-coloured  earth  at  the  bottom 
of  the  field,  showing^  (he  presence  of  iron,  upon  which  was  sown 
potash  and  lime.  The  plant  was  yellow  and  sickly-looking,  bat 
immediately  after  application  it  acquired  a  dark  green  coioDr,  and 
became  vigorous,  and  yielded  a  crop  at  least  equal  to  any  in  ibe 
field.  There  were  some  other  dressings  put  on  other  ridge*  of  this 
field,  but  it  was  dry  weather  directly  after  they  were  sown,  mad 
the  crop  waa  too  far  forward  before  they  began  to  take  «Sbet  la 
aay  any  thing  decided  about  them.  By  mistake  there  were  two 
varieties  of  oats  sown  upon  tbe  field,  which  prevented  the  ex- 
periments being  so  decided,  as  the  dressings  were  pat  oo  indi>- 
criminately  upon  the  land  before  it  was  known-" 


Rbhabxs.— Thi  only  remark  I  need  tnakto  apon  theee  etn^- 
niehta  isi  to  BUggebt  to  my  readers  that,  by  repeating  the  above 
trials  upon  oats  with  Ur.  rtemins's  mixturvf,  tjiey  may  not  only 
benefit  their  own  crops)  but  mav  also  aid  materially  io  tm  adviMce- 
mem  of  practical  agricultural  knowledge. 


"  Ths  first  drcMing  w&s  applied  the  4th  o/  Hajr,  on  some  beam 
on  a  border  in  th6  garden  ;  the  drilla  that  were  dreoaed  quicklj 
took  the  lead  of  the  others.  There  was  no  alteration  of  colour, 
but  greater  strength,  aod  it  ttikred  u>mderf\iUy.  There  were  five 
or  six  BteniB  from  everj  seed  sown,  and  the  pods  were  larger  and 
more  nucDerous,  and  the  beaoa  in  the  pods  a  great  deal  larger  than 
the  same  varietf  undreesed.  It  was  also  put  upon  some  of  the 
ridgea  of  the  beans  iu  the  field,  and  with  the  same  efiectt  and  ga*« 
a  very  large  crop  (not  jet  thrashed.) 

"  Upon  pease  in  the  garden  it  appeared  to  add  little,  if  any  thing, 
to  the  strength  of  straw,  but  those  that  were  dreseed  bad  a  far 

K eater  number  of  pods,  and  those  better  filled,  and  the  pease  of  a 
tter  flavour,  and  it  item*  a  taluabU  dreimgfor  dti  Itgvminma 
erop$.  When  sonn  in  the  drilla  along  with  the  pea«ei  it  nearly 
killed  every  one  of  them,  while  the  same  quantity,  put  on  as  & 
top-dreeaing  to  some  drilla  next  to  them  (where  the  pease  were 
two  incbea  high,)  did  no  injury." 


REMABia.'^The  teatimony  of  Mr.  Fleming  to  the  value  of 
eulphate  of  aoda  as  a  dressing  for  leguminous  crops,  is  very  valu- 
able and  satisfactory.  We  may  hope  that  next  year  will  furnish 
OB  with  experiments,  all  the  results  of  which  shall  have  been  so 
carefully  ascertained,  as  to  enable  us  to  decide  upon  the  economi- 
cal value  of  this  sulphate  as  a  manure,  by  it  comparison  of  Hit 
amount  of  tncreaoe  in  the  crop,  with  the  coat  of  the  application. 


"  It  was  applied  April  14tbt  at  abont  the  rate  of  }  cwt  per  acre, 
or  i  lb.  per  bush.  It  had  the  efihct,  in  the  course  of  a  week,  of 
producing  on  the  buEhes  a  dark  green  colour  and  broader  leaves, 
and  the  fruit  set  better  and  more  plentifully)  especially  on  some 
red  currants  that  had  borne  little  for  two  years.  These  set  their 
fruit  well,  and  yielded  double  Iheir  former  produce.  The  dressed 
bushes  kept  the  lead  in  strength  and  vigor  all  the  season,  and  now, 
when  the  undressed  bushes  have  lost  their  leaves,  the  others  are 
quite  green." 

9. — "  Many  experimente  were  tried  in  the  garden  on  tomipa,  b; 
top-diessing  with  nitrate  of  soda,  bat  with  no  percepUble  e&ct. 


However,  the  Swcd'tsb  and  red-top  fellow,  in  &  field  of  rather  niff 
■oil,  were  beaefittsd,  tha  former  yielding  ^  more  prodnce  in  weighi, 
and  the  Utter  i  more  weight 
"  Barochen,  2Bth  Ociober,  1841.  Wm.  Flkkimg," 

KoU. — Tbepricu  paidby  Mr.  Fkningwere  HfoUow: — BoBedH((£H^ 
1*.  9(1,  per  builif1iiulphilear*inniania(incr7i(ali)-J8g.  percwt.:  [wtuk 
(•my  impore)  24i.  per  cwi.;  lulpbde  nf  aoAt  (m  sryml»)  5*.  per  cwl: 
Bitnte  of  lodt  Sa*.  i  BDd  ml-aniiii(miBc  6O3.  per  cwl.  >~  ■ 


■UGOEaTIOKS  FOB 

Ovano  a  the  name  given  in  South  America  to  the  dung  of  tht 
sea  fowl  which  hover  in  countleM  flocks  along  the  Bbores  of  the 
Pacific,  and  which,  from  time  immemorial,  hare  depoeited  their 
droppinge  on  the  rocks  and  the  ielsnds  which  are  met  with  alooj 
the  coast  of  Peru. 

Besides  the  freah  white  jfuano  which  ia  deposited  year  by  yeu 
In  these  lacaJities,  there  exist,  in  some  spots,  luge  accumufktioci 
niore  or  lesa  buried  beneath  a  covering  of  drifted  sand,  which  have 
been  thus  buried  and  partially  preserved  from  an  unlcnowD  anti- 
quity. This  ancient  guano  is  of  a  brown  colour,  more  or  lees  dark, 
and  forms  layers  or  heaps  of  limited  extent,  but  which  ar«  said 
lomctimes  to  exceed  even  60  feet  in  thickness. 

In  the  time  of  the  Incas  this  substance  was  known  and  high^ 
valued  as  a  manure, — the  country  along  the  coast  for  a  lengtlt  d 
SOO  league*  was  entirely  manured  by  it,— the  islande  on  which  it 
vas  formed  were  carefully  watched  and  preserved, — and  it  wa* 
declared  to  be  a  capital  offence  to  kill  any  of  the  sea  fowl  by  which 
it  was  depoaKed.  Ever  since  that  time  it  Imb  been  more  or  lees 
employed  for  the  same  purpose,  and  much  of  the  cutture  now  prMc- 
tisM  on  this  thinly -peopled  coast  is  entirely  dependent  for  its  suc- 
cess, if  not  for  its  existence,  on  ihe  stores  of  manure  which  the  sea 
fowl  thus  place  within  reach  of  those  parts  of  the  country  which 
are  susceptible  of  cultivation. 

In  modern  times,  however,  the  access  of  foreign  shipping,  and 
the  wast  of  careful  protedlon,  have  driven  away  many  of  the 
•et  fowl,  and  lessened  to  a  vwy  greet  degree  the  i«oduotion  of 
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the  recent  guana    Thus  the  country  is  more  dependent  than  in 
i  former  times  on  the  more  ancient  deposits,  which  are  now  assidu- 

[  ously  sought  for,  and  when  discovered  beneath  the  sand,  are  care- 

fulJy  excavated  and  transported  to  the  sea-ports  for  sale. 

I  The  dung  of  birds  of  ail  kinds,  when  exposed  to  the  air,  gra* 

dually  undergoes  decomposition,  gives  off  ammonia,  and  acquires 

p  a  brown  colour.    As  this  ammonia  is  one  of  the  most  fertilizing 

^         substances  it  contains,  it  will  be  readily  understood  that  the  old 

i  brown  guano  is  much  less  valuable  as  a  manure  than  that  which 

is  recent  and  white  ;  hence  the  care  of  the  ancient  Peruvians  in 

collecting  the  fresh,  and  their  comparative  neglect  of  the  ancient 

guano. 

When  the  brown  guano  is  put  into  water,  a  large  quantity  of 

it— sometimes  70  per  cent  of  the  whole — is  dissolved.    Hence, 

it  is,  because  the  climate  of  Peru  is  so  dry  and  arid  that  in  the 

plains  rain  scarcely  ever  falls,  that  the  guano  can  accumulate  as 

il  is  found  to  do.    North  and  south  of  this  line  of  coast,  where 

.         rains  are  less  nnfrequent,  such  accumulations  are  not  met  with, 

though  the  birds  appear  equally  plentiful,  and  it  may  be  safely 

stated  that,  had  the  climate  of  Peru  been  like  that  of  England,  the 

u        rains  would  have  washed  the  guano  from  the  rocks  almost  as  ra- 

' .        pidly  as  it  was  deposited. 

^  Of  the  brown  guano,  several  cargoes  have  lately  been  brought 

'^  to  England  by  an  enterprising  merchant  in  Liverpool,  and  it  has 
^'  been  deservedly  recommended  to  the  attention  of  British  agricul- 
turists. It  has  already  been  tried  upon  various  crops,  both  of  hay 
and  com,  upon  turnips  also,  and  upon  hops,  and  there  can  be  no 
doubt  whatever  that  in  our  climate,  as  well  as  in  that  of  Peru,  it  is 
'^  fitted  to  promote  vegetatbn  to  a  very  remarkable  degree. 
-^  This  brown  guano  varies  much  in  quality,  according  probably  to 

■■^^        the  degree  of  exposure  to  the  air  to  which  it  has  been  subjected, 
^         or  to  its  position  in  the  deposit  from  which  it  has  been  dug.    Two 
different  portions,  taken  at  random  from  the  same  box,  gave  me 
'^.        the  following  very  different  results : — 

ji  1^.~*  Water,  salu  and  ammonia,  and  organic  matter,  ex- 

j.  polled  by  a  red  heat,  .  .  23*5  per  et. 

Sulphate  of  soda         .  .  .  1*8    '■ 

Common  salt,  with  a  Hitle  phosphate  of  soda  .  30*3    ** 

Phosphate  of  lime,  with  a  little  phosphate  of  magne- 
sia and  carbonate  of  lime  .  444     *' 


1^ 


*  The  first  contained  also  8  per  cent,  and  the  second  1|  per  cent,  o^  s^nd, 
jit         which  has  been  left  out  of  th^  tnie  oocnpoaition  of  the  goano  coa^ered  aa 
cf)         free  from  sand. 
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2^. — Ammonia    .  •  .  .  ms 

Uric  ackl      .  .  .  sas    V »  t  59.3  -j^_  -, 

1Vater»  carbonic  and  oxalic  acids,  ^,  ex-  (  *^* 

peiled  by  a  red  heat  ss  51* 

Common  salt,  with  a  little  tulphate  and  phosphate 

ofnoda 11-4 

Phosphate  of  Kipe,  &c.,     ....     29*3 


cc 
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According  to  M.  Winterfeldt,  this  brown  guano  is  lold  at  tkt 
ports  near  which  it  is  obtained  at  about  ds^  a  cwt.  It  might, 
thereforet  if  this  be  correct,  be  imported  into  this  countiT.  and 
■old  at  less  than  lOs.  per  cent  The  price  at  present  askedv  bov- 
ever,  is  258.  per  cent,  a  cost  at  which  it  is  doubtful  if  the  EiigM 
agriculturist  can  afford  to  use  it 

In  any  case  it  seems  improbable  that  the  guano  can  continae  to 
be  imported  into  this  country  for  any  lenfftb  of  time.  It  is  abso- 
lutely necessary  to  the  cultivation  of  the  knd  in  Pem« — and  it  is 
also  diminishing  in  quantity,-T<-the  first  settled  govennnent, 
therefore,  which  is  formed  in  that  country,  must  prohibit  the  fur- 
ther  exportation  of  a  substance  so  important  to  the  national  inte- 
rests. It  is  a  matter  not  unworthy  of  the  attention  of  chemistai 
therefore,  to  consider  whether  a  uMj^ture  similar  to  the  ^ano  and 
of  equal  efficacy,  cannot  be  formed  by  art — ^not  only  at  a  coat  so 
reasonable  as  at  once  to  make  the  British  farmer  independeDt  of 
the  importer,-*but  also  in  such  abundance  as  at  the  same  time  to 
place  so  valuable  a  manure  within  the  reach  of  all. 

The  following  mixture  contains  the  several  ingredients  found  in 
guano  in  nearly  the  average  proportions ;  and  I  believe  it  ia  likely 
to  be  at  least  as  efficacious  9s  Uiq  natural  guano^  for  all  the  crops 
to  which  the  latter  has  hitherto  been  appliea  in  this  country  : — 

£    •.    d, 

315  lbs.  (7  bushels)  of  bonjs  dust  ai  2s.  9d.  per  bushel,     .0     19     0 
100  lbs.  of  sulphate  of  ammonia,*  coatainfaig  3^5  lbs*  of 

amnMmiaat30s.  acwt.  .    0^     18     O 

5  lbs.  of  pearl-ash  .010 

100  lbs.  of  common  salt    •  .  .020 

11  lbs.  of  dry  sulphate  of  soda«  .  .010 

531  lbs.  of  aWt^cKr/^tmiiocost  r  ...  .    1^       I     0 

The  quantitv  here  indicated  may  be  intimately  mixed  with 
IOO  lbs.  of  chalk,  and  will  be  fully  equal  in  efficacy,  I  believe,  to 
4  cwt  of  guano,  now  selling  at  jC5. 

*  Sulphate  of  ammonia  is  oov  manulaetoced  lai^g^ly  at  Glasgow,  and  ma; 
be  had  for  leu  than  20^.  a  cwt. 


At  tlM  BiM  tima  it  m  dMJnble  that  tbe  nlattT*  tfieaej  li 
thi«  miziure  (arti6ciBl  gnuio),  and  of  tiw  Amoriean  guanot  t 
be  tried  by  aetnfti  exparimeDt  in  oompuiKin  wiih  othsr  aubtt 
of  known  vitlue,  and  whicb  are  supposed  lo  act  in  a  way  mat 
aimilar.  Tba  BubataDCBa  wilb  wbich  I  would  suggeat  Uial 
comparative  eiperimenta  should,  in  tbe  first  place,  be  mad 
farm-yard  mniare,  bone  duat,  and  rape  du*l,  and  the  felt< 
■cheou  exhibit!  the  proportions  in  which  tbey  may  Im  added 
differant  plota  of  land  on  wbich  the  experimeotB  are  intended 
made: — 


SO  r«i>  of 

brnt-yardiDviurs 

SObtnfaolior 

boMI 

with  a*he*. 

S  ewt.  DTgDiinn, 

niii[»l  Kith 

ch.lkcreyp«,n. 

Set.  I 
artificial  gt 

10  ton.  do. 
•ilhlObuiMioT 

tnneduu. 

SOcwuof 
rape  with  uhei. 

le  toni  of 
3e«Fl.oCguanD. 

lOUHII. 

faravvBtd  m 
will]  3  cwt 
artificial  gu 

10  Itn*  do. 

with  10  nrt.  of 

rapeduM. 

IffCWLoT 

rap*  *tib  3  CKt. 
ofgtwno- 

lO^tondo. 

wilb 

Seift.ofguno. 

IDlonad 
wilhScwt 

ani&dalgo 

The  pracltcal  farmer  need  not  be  deterred  by  the  fonni 
array  of  esperimenta  above  suggested.  lie  may  try  any  ti 
three  of  them,  and  his  results  will  be  valuable  in  proportioD  t 
accuracy  with  which  bis  land  is  msasured  and  his  maDaKi 
crops  weighed.  I  have  taken  20  tons  of  famt-yard  maanre 
standard,  though  in  many  highly  fanned  parts  of  the  eonnti 
more  than  fifteen  tons  are  usually  applied:  Tweutr  buthe 
bones  are  recomoicnded  by  the  Doncasier  report,  and  I  have  I 
found  that  in  the  Lothians  1  cwt.  of  rape  dust  is  considered  t 
place  1  ton  of  farm-yard  manure.  This  proportion  of  courae 
vary  with  tbe  quality  of  the  latlfr  manure  ;  but  whatever  qua 
of  this  latter  we  take  as  tbia  standard  of  comparison,  it  is  ea 
adjust  the  proportions  oF  the  other  BUbstances  accordingly.  I 
not  recommended  any  trial  to  be  made  wilh  more  than  0  cv 
guano,  becaiise,  where  farm-yard  manure  is  valued  only  atf 
7b.  per  too,  5  cwt.  of  tbe  former  would  coat  as  much  as  20. to 
the  latter.* 
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Tbe  above  ezperimentfl  ave  iatendetl  to-  h%  made  with  the  gieco 
eropt  and  to  be  continaed  during  an  entire  rotation  :*  any  pair  of 
them,  however,  may  be  tried  on  single  ciope»  whether  of  corn  or  of 
turnipe  and  potatoes.  In  this  way  guano  ought  alao  to  he  tried 
against  nitrate  of  soda  and  against  bones,  upon  seeds  and  upon  dd 
grass-lands.  The  mode  in  which  such  experiments  may  be  made 
will  speedily  suggest  themselves  to  the  intelligent  fanner.  H  ofl 
e<Mef  ihe  remUi  should  be  aeeurixUly  reeordedt  and,  ffpossMtt  mk- 
hshed,  ^r-  r 


No.V. 

er  THS  EZAMIMATION  AHI>  AHALT8IB  OF  SOlZpS.. 

1^,  Selection  of  specimenM  of  fot2s.— In  the  same  field  diflfereol 
varieties  of  soil  oilen  occur,  and  some  recommend  that  in  collect- 
tng  a  specimen  for  analysis^  portions  should  be  taken  from  difierent 
parts  ef  tbe  fold  and  mixed  together^  by  which  an  average  quality 
of  soil  would  be  obtained.    But  this  is  bad  advice,  when  the  eoik 
in  different  parts  of  the  field  are  really  unlike.    Snrooee  one  part 
of  a  field  to  be  clay»and  another  sandy,  as  is  often  the  case  in  thia 
county,  and  that  an  average  mixture  of  them  is  submitted  to  ana- 
^sis,  the  result  you  get  will  apply  neither  to  the  one  part  of  the 
neld  nor  to  the  othet-^that  is,,  it  will  be  of  little  or  no  value.    In 
selecting  a  specimen  of  soil,,  theiefore,.  one  or  two  pounds  should 
be  taken  from  each  of  four  or  five  parts  of  the  field  where  the  ecal 
appears  nearly  alike»  these  should  be  well-mized  together  and 
dried  in  the  open  air  o^  before  the  fire.    Two  separate  pounds 
should  then  be  taken  from  tbe  whole  for  the  purpose  of  analysis, 
or  if  it  is  to  be  sent  to  a  distance  should  be  tied  up  in  clean  strong 
paper,  or  what  is  much  better,,  should  be  enclosed  ia  clean  well- 
corked  bottles. 

L'^OV  THB  tBYBipXL  P90FEBTU8  OF  T9B  SOIL. 

2^.  Determination  of  the  dentity  qf  ihe  wiL^n  order  ta  deter- 
Bune  the  density  of  the  soil»  a  portion  of  it  must  be  dried  at  the 

*  By  this  X  mean  that  the  effect  of  theie  •everal  msnnret,  applied  omte  fat 
mil  to  Uie  green  crop  at  the  eommenoement  of  the  rotatioo,  thoold  b»  traoed 
as  each  tQcceMiMB  crop  thnmgh  the  entire  covree  ef  cioppiqg*. 
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temperature  of  bckiliog  water  (2-t2o),  till  tt  ceases  to  lose  weighs 
or  upon  a  piece  of  mite  paper  in  an  oven  at  a  heat  not  great 
enoum  to  render  the  paper  brown.  A  conMnon  pbial  or  other 
small  bottle  perfectly  clean  and  dry  may  then  be  taken  and  filled 
up  to  a  mark  made  with  a  fUe  on  the  necfct  with  distilled  or  pure 
rain  water,  and  then  carefally  weighed.  Part  of  the  water  may 
then  be  ponred  out  of  the  bottle^  and  1000  grains  of  the  dry  soil 
introduced  in  its  steady  the  bottle  must  then  be  well  shaken  to  al* 
low  the  air  to  escape  from  the  pores  of  the  soil,  filled  up  again  with 
water  to  the  mark  on  the  neck,  and  again  weighed.  The  weight 
of  the  soil  divided  by  the  difference  between  the  weight  of  the  hot* 
tie  with  soil  and  water,  and  the  sum  of  the  weights  of  the  soil  and 
the  bottle  of  water  together,  gives  the  specific  gravity. 

Thus,  let  the  bottle  with  water  weigh  2000  grains,  and  with 
water  and  soil  2600,  then^ 

Gnrini. 
The  weight  of  the  bottle  witk  water  alone  »  . .  2000 

The  weight  of  the  dry  soil  .  •  1000 

Sum,  being  the  weight  which  the  bottle  with  the  soil  ^ 

and  water  would  have  hadcould  the  soil  have  been  >  3000 
introduced  without  displacing  any  of  the  water  } 

But  the  weight  of  th»  bottle  with  soil  and  water  was  . .  2000 

Difierence,  being  the- weight  of  water  taken  out  to  ad-  )     ^^ 
mit  1000  grains  of  dry  soil  . .  . ,       y 

Therefore,  1000^  grains  of  soil  have  the  same  btdk  as  400 
grains  of  water  or  the  soil  is  2^  times  heavier  than  water,  since 
-\%v'  =*  ^'^  i^  specific  gravity. 

3^.  Determination  of  the  absolute  toeig^hi — The  absolute  weiffht 
of  a  cubic  foot  of  solid  rock  is  obtained  in  pounds  by  multiplying 
its  specific  gravity  by  03^— the  weight  in  pounds  of  a  cubic  foot 
of  water.  But  soils  are  porous,  and  contain  more  or  less  air  in 
their  hiterstices  according  as  their  particles  are  more  or  less  fine, 
or  as  they  contain  mote  or  less  sand  or  vegetable-  matter.  Fine 
sands  are  heaviest,  clays  next  in  order,  and  peatv  soils  the*  lightest. 
The  simplest  mode  of  determining  their  absolute  weight,  there- 
fore, is  to  weigh-  an  exact  imperial  half  pint  of  the  soil  in  any  state 
of  dryness.  When  this  weight  moltipliedt  by  150,  will  give  very 
nearly  the  weight  of  a  cubic  foot  of  the  soil  in  that  state. 

4^.  Determination  of  the  relative  propontUmM  of  gravely  sand  and 
clay. — Five  hundred  grains  of  the  ory  soil  may  be  boiled  in  a  flask 
half  full  of  water  til!  the  particles  are  thoroughly  separated  from 
each  othec    Being  allowed,  to  stand  for  a  couple  of  minutes,^  tha 


water  with  Uie  ifaie  matter  floatiog  in  it  may  be  poured  off  taio 
another  TeaaeL  Thia  may  be  repeated  aeveral  times  till  it  ip- 
peara  that  nothing  but  sand  or  gravel  remains.  This  sand  id 
gravel  ia  then  to  be  washed  completely  out  of  the  flask,  dried,  m 
weighed.  Suppose  the  weight  to  be  300  grains,  then  60  per  ml* 
of  £e  soil  is  sand  and  graveL  The  saod  and  gravel  areoow  tobe 
sifted  through  a  gauze  sieve  more  or  less  &ie*  when  the  pv^ 
and  coarse  sand  are  8eparated«.  and  may  be  weighed  and  their  pro- 
portions estimated. 

These  separate  portions  of  gravel  and  aand  should  now  k 
moietened  with  water  and  examined  carefully  with  the  aid  of  & 
mieroso(^>e,  with  the  view  of  asceitatning  if  they  are  wholly  sib* 
cious*  or  if  they  contain  also  fragments  m  different  kinds  oC  rocs. 
•and-stonesy  slatesr  granites^  traps.  lime-stciieB  or  iron-stonea  A 
few  drops  of  strong  muriatic  acid  (spirit  of  salt)  should  abo^ 
added^when  the  presence  of  lime-stone  is  shown  mate  distiiictlj 
by  an  efierveseeneot  which  can  be  readily  peKeived  by  the  aid  ot 
the  glass,— of  per-ozide  of  iron  by  the  brown  colour  vhich  tk 
acid  speedily  assumes, — and  of  black  oxide  of  manganese  by  a  dis- 
tinct smell  of  chlorine  which  is  easily  recognized.  In  the  aubee- 
quent  description  of  the  soil,  these  points  should  be  carefully 
noted. 

Suppose  the  sand  and  gravel  to  contain  half  its  weight  of  fi» 
sand,  then  our  soil  would  consist  of  coarse  sand  and  small  stooei 
90  per  cent,  fine  sand  90  per  cent,  clay  and  other  lighter  maueit 
40  per  cent. 

5^.  Absorbing potoer  ofikeswl — A  thousand  grains  of  the  per- 
fectly dry  soil*  crushed  to  powder,  should  be  spread  over  a  sheet  of 
paper  and  exposed  to  the  air  for  twelve  or  twenty-four  hours,  ani 
then  weighed  The-  increase  of  weiglrt  shows  its  power  of  ab- 
sorbing moisture  from  the  air.  If  it  amount  to  15  or  20  grained  it 
ia  so  far  an  indication  of  great  agricultural  capabilities. 

O*).  lis  power  cf  holding  tMtfer.-<-This  same  portion  of  soil  ro^T 
BOW  be  put  into  a  funnel  upon  a  daubk^  filter  and  cold  watei 
poured  upon  it,,  drop  by  drop»  till  the  whole  ia  wet  and  the  watei 
begins  to  trickle  down  the  neck  of  the  filter.  It  may  now  be  co< 
vered  with  a  piece  of  glass  and  allowed  to  stand  for  a  few  hoars 
occasionaU^  adding  a  few  drops  of  water,  until  there  remaios  m 
doubt  of  the  whole  soil  being  perfectly  soaked.  The  two  filter 
and  the  soil  are  then  to  be  removed  fiom  the  funnel*  the  filter 
•pened  and  spread  for  a  few  minutes  upon  a  linen  cloth  to  n 
move- the  diopa  of  water  which  adhere  to  the  paper.  The  w( 
soil  and  inner  filler  beii^  now  fMi|  into  sue  scaWt  and  the  outi 

*  As  500.:  300  ii  100  to  60  per  cent. 
i  Thai  tt,  oae  filter  within  another. 


46 

best  done  in  a  aaull  platinsm  capsule  over  an  aigand  B|riritor  gae 
lamp.  The  loss  indicates  the  total  weight  of  organic  matter  pre- 
sent It  is  scarcely  ever  possible,  however,  to  render  soil  abso. 
lately  dry  without  raising  them  to  a  temperature  so  high  as  to 
char  the  organic  matter  present,  and  hence  its  weight,  as  above 
determined,  will  always  somewhat  exceed  the  truth,  the  remain* 
iog  water  being  driven  off  along  with  the  oiganic  matter  when 
the  soil  is  heated  to  redoess.  This  excess,  also,  will  in  general 
be  greater  in  proportion  to  the  quantity  of  clay  in  the  soti,  since 
this  is  the  ingredient  of  most  soils  from  which  the  water  is  ex- 
pelled with  the  greatest  difficulty. 

10^.  Delerminalum  of  the  humic  acid. — This  acid,  whether  mere- 
ly raized  with  the  soil,  or  combined  with  some  of  the  lime  and  aln- 
mina  it  contains,  is  extracted  by  boiling  with  a  solution  of  the  com- 
mon soda  of  the  shops.  Into  about  two  ounces  by  measure  of  a 
saturated  solution  of  this  salt,  contained  in  a  flask,  200  or  300  g^rains 
of  soil,  previously  reduced  to  coarse  powder,  are  introduced,  an 
equal  bulk  of  water  added,  and  the  whole  boiled  or  digested  on  the 
sand  bath  with  occasional  shaking  for  an  hour.  The  flask  is 
then  removed  from  the  fire,  filled  up  with  water,  well  shaken,  and 
the  particles  of  soil  afterwards  allowed  to  subside.  The  clear 
liquid  is  then  poured  off  If  it  has  a  brown  colour  it  has  taken  up 
some  humlc  acid.  In  this  case,  the  process  must  be  repeated  once 
or  twice  with  fresh  portions  of  the  soda  solution,  till  the  whole  of 
the  soluble  organic  matter  appears  by  the  pale  colour  of  the  solu- 
tion to  be  taken  up.  These  coloured  solutions  are  then  to  be  mixed 
and  filtered.  This  filtering  generally  occupies  considerable  timei 
the  humic  and  ulmic  acids  clogging  up  the  pores  of  the  filter  in  a 
remarkable  manner,  and  permitting  the  liquid  to  pass  through  some- 
times with  extreme  slowness. 

When  filtered,  muriatic  acid  is  to  be  slowly  added  to  the  co- 
loured liquid — which  should  be  kept  in  motion  by  a  glass  rod — till 
effervescence  ceases,  and  the  whole  has  become  distinctly  soar. 
On  being  set  aside  the  humic  acid  falls  in  brown  flocks.  A  filter 
is  now  to  be  dried  and  carefully  weighed,*  the  liquid  filtered  through 
it,  and  the  humic  acid  thus  collected.  It  must  be  washed  in  the 
filter  with  pure  water — rendered  slightly  sour  by  muriatic  acidf — 

*  This  U  be«t  efiected  by  putting  the  filter  into  a  covered  porceUin  cmct- 
ble  of  known  weight,  and  (leating  it  for  ten  minutes  over  alamp  or  otherwise, 
at  a  temperature  which  juMt  does  not  discolour  the  paper,  allowing  then  the 
crucible  to  cool  under  cover,  and  when  cold  weighing  it.  The  increase  above 
the  known  weight  of  the  oruHble  is  that  of  the  filter,  which,  besides  being  re- 
corded  in  the  experiment  book,  should  also  be  marked  in  several  plsoes  on 
the  edge  of  the  filter  with  a  black  lead  pencil. 

t  Thi«  is  to  prevent  ia  some  measure  the  buBittt  seid  from  passing  throagh 
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tin  all  the  soda  is  separated  from  it,*  when  it  is  to  be  dried  at  250^ 
F.,  till  it  ceases  to  lose  weight  The  final  weight,  minus  that  of 
the  filter,  gives  the  quantity  of  humic  acid  containea  in  the  portion 
of  soil  submitted  to  examination.  As  it  is  rarely  possible  to  wash 
the  humic  acid  perfectly  upon  the  filter,  rigorous  accuracy  requires 
that  the  filter  and  acid  should  be  burned  after  being  weighed,  and 
the  weight  of  ash  left,  minus  the  known  weight  of  ash  left  by  the 
filter,f  deducted  from  that  of  the  acid  as  previously  determined*  It 
is  to  be  observed  here  that  by  this,  which  is  really  the  only  availa- 
ble method  we  possess  of  estimating  the  humic  acid,  a  certain 
amount  of  loss  arises  from  its  not  being  wholly  insoluble,  the  acid 
liquid  which  passes  through  the  filter  being  always  more  or  less 
of  a  brown  cojour.| 

11^.  Deierminalum  of  the  insolvhle  humus, — Many  soils  alter  this 
treatment  with  carbonate  of  soda  are  still  more  or  less  of  a  brown 
colour,  evidently  due  to  the  presence  of  other  organic  matter.  To 
separate  this,  Sprengel  recommends  to  boil  the  soil,  which  has  been 
treated  with  carbonate  of  soda,  and  which  we  suppose  still  to  re- 
main in  the  flask,  with  a  solution  of  caustic  potash,  repeated,  if  ne- 
cessary, as  in  the  case  of  the  soda  solution.  By  this  boiling,  the 
vegetable  matter,  which  was  insoluble  in  the  carbonate  of  soda,  is 
changed  in  constitution  and  dissolves  in  the  caustic  potash,  giving 
a  brown  solution,  from  which  it  may  be  separated  in  brown  flocks 
by  the  addition  of  muriatic  acidy  and  then-  collected  and  weighed 
as  above  described. 

In  some  soils,  also,  distinct  portions  of  vegetable  fibre,  such  as 
portions  of  roots,  &c.,  are  present*  and  may  be  separated,  mecha- 
nically dried,  and  weighed. 

12^.  0/oUter  organic  subsiojices present  in  the  soil, — The  sum  of 
the  weights  of  the   above  substances  deducted  from  the  whole 

the  filter,  which  it  ia  very  apt  to  do,  wheo  the  saline  matter  is  nearly  washed 
out  of  it. 

*  This  V  ascertained  by  collecting  a  (ew  drops  of  what  is  passing  through 
upon  a  piece  of  clean  glass  or  platioum»  and  drying  them  over  the  lamp,  when, 
if  a  perceptible  stain  or  spot  is  left,  the  substance  is  not  sufficiently  washed. 

t  The  ash  left  by  the  paper  employed  for  filters  should  always  be  known. 
This  is  ascertained,  once  for  all,  by  drying  a  quantity  of  it  in  the  way  de- 
scribed in  the  previous  note,  weighing  it  in  this  dry  state,  burning  ^t,,  ^rw 
again  weighing  the  ash  that  is  left.     In  good  filtering  paper,  |he  a*^  ^^^ 
not  to  exceed  one  per  cent. 

t  The  portion  which  thus  remains  in  solution  may  be  pr«iQ^^i^i^^t^ 
ding  a  small  quantity  of  a  solution  of  alum,  and  afterwards  (HkkJ^'up- 
nta  in  excess.    The  alumina  falls  coloured  by  the  organic  i^|^^ 
being  collected  on  a  filter,  washed,  and  dried,  the  weight  or^^^* 
in  the  precipitate  may  be  determined  approximately  as  dc>« 
(2-). 
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weight  of  orgaBic  matter,  as  determined  by  burning,  gives  that  o( 
other  organic  sulistances  preeent  in  the  soil.  The  quantity  of  these 
is  in  general  comparatively  small,  and,  unless  tbey  are  soluble  in 
water,  tbere  is  no  easy  method  of  separating  then),  and  determhh 
ing  their  weight.  The  following  two  methods,  however,  may  be 
resorted  to : — 

1^.  Half  a  pound  or  more  of  the  moist  soil  may  be  boikd  with 
two  separate  pints  of  distilled  water,  the  liquid  filtered  and  eTapo* 
rated  to  a  small  bulk.  From  clay  soils,  when  thus  boiled  with 
water,  the  fine  particles  do  not  readily  subside.  Sometimes,  after 
standing  for  several  days,  the  water  is  still  mudd v,  and  passes  mud- 
dy through  the  filter,  but,  after  being  evaporated,  as  above  recom- 
mended, to  a  small  bulk,  most  of  the  ^ne  clayey  matter  remains  on 
the  paper  when  it  is  again  filtered.  As  soon  as  it  has  thus  passed 
through  clear,  the  liquid  may  be  evaporated  to  perfect  dryness  at 
250^  F.,  and  weighed.  Being  now  treated  with  water — a  portioo 
will  be  dissolved — ^this  must  be  poured  ofl^  and  the  insoluble  re- 
mainder again  perfectly  dried  and  weighed.  If  this  remainder  be 
now  heated  to  redness  in  the  air,  any  organic  matter  it  contains 
will  be  burned  oi^  and  its  weight  ascertained  by  the  loss  on  again 
weighing.  This  loss  mav  be  considered  as  humic  acid  rendered 
insoJublo  by  drying.*  It  does  not  require  to  be  added  to  the  weight 
of  humic  acid-  already  determined  (1<K),  because  in  that  ezpeii- 
ment  a  portion  of  soil  was  employed  which  had  not  been  boUed  in 
toatert  ftnd  from  which  therefore  the  carbonate  of  soda  would  at 
once  extract  all  the  humic  acid.  The  present  experiment  need 
only  be  made  when  it  is  desirable  to  ascertain  how  much  humic 
acid  a  soil  contains  in  a  state  in  which  it  is  soluble  in  water. 
Where  ammonia,  potash,  or  soda  is  present  in  the  soil,  some  che* 
mists  consider  this  quantity  to  be  very  considerable,  and  to  exer- 
cise an  important  influence  upon  vegetation. 

That  which  was  taken  up  by  water  from  the  dried  residuum  is 
again  to  be  evaporated  to  dryness,  dried  at  150^,  weighedi  and 
burned  at  a  low  red  heat.  The  loss  is  organic  matter,  and  may  have 
been  crenic  or  apocrenic,  or  some  other  of  the  organic  acids  formed 
in  soils,  the  compounds  of  which,  with  lime,  alumina«  and  prot^ 
oxide  of  iron,  are  soluble  in  water.  If  any  little  sparkling  or  burn- 
ing like  match-paper  be  observed  during  this  heating  to  redness, 
it  may  be  considered  as  an  indication  of  the  presence  of  nitric  acid 
•—in  the  form  of  nitrate  of  potash,  soda,  or  lime.  In  this  case  the 
loss  by  burning  will  slightly  exceed  the  true  amount  of  organic 
matter  present,  owing  to  the  decomposition  and  escape  of  the  nitric 
acid  also.     The  mode  of  estimating  the  quantity  of  this  acidf  when 

*  See  Lectare  aiii.,  p.  409. 
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allowed  to  eubsidet  after  which  the  liquid  is  to  be  filtered  till  it 
passeB  through  clear.    It  is  then  to  be  tested  in  the  followiDgmu- 
ner.    Small  separate  portions  are  to  be  put  into  so  naany  clean  wine 
glasses,  and  the  effect  produced  upon  these,  by  different  chemical 
substances  carefully  noted.    If  with  a  few  drops  of 
a.  Nilrate  of  BaryUh  it  gives  a  white  powdery  precipitate,  which 
does  not  disappear  on  the  addition  of  nitric  or  muriatic  acid,  At 
BoltUion  contains  sulphuric  acid.    If  the  precipitate  does  disap- 
pear, it  contains  carbonic  add.    In  this  latter  case,  the  liquid 
will  also  effervesce  on  the  addition  of  either  of  the  acids  abo^ 
mentioned. 
5.  If  with  oxalaU  qfammonioj  it  gives  either  immediately,  or  after 
a  time,  a  white  cloud,  it  contains  lime,*  and  the  greater  the 
milkiness,  the  larger  the  quantity  of  lime  may  be  presumed  to  be. 

c.  If  with  nitrate  of  silver  it  gives  a  white  curdy  precipitate,  inso- 
luble in  pure  nitric  acid,  and  speedily  becoming  purple  in  the 
sun,  it  may  be  presumed  to  contain  chlorine. 

d.  If  with  caustic  ammonia  it  gives  a  pure  white  gelatinous  pre- 
cipitatet  it  contains  either  alumina^  or  magnesia^  or  both.  In 
this  case,  muriatic  acid  must  be  added  till  the  precipitate  dis- 
appears, and  the  solution  is  distinctly  acid.  If  on  the  additi^ 
of  ammonia  in  excess,  the  precipitate  reappears  undiminished 
in  quantity,  it  contains  alumina  only.  If  it  be  distinctly  ^ 
in  quantity,  we  may  infer  the  presence  of  both  magnesia  and 
alumina ;  and  if  no  precipitate  now  appears  that  it  cootaina 
snagnesia  only.  If  a  large  quantity  of  magnesia  be  present, 
it  may  be  necessary  to  re-dissolve  and  acidify  the  soJutioo  a 
second  time  before,— on  the  re-addition  of  ammonia,  the  pre- 
cipitate would  entirely  disappear. 

If  the  precipitate,  by  ammonia,  have  more  or  less  of  a  brown 
colour,  the  presence  of  tro??,  and  perhaps  fitan^an^M^  may  be  in- 
ferred* If,  on  the  second  addition  of  ammonia,  the  colour  of 
the  precipitate  has  disappeared,  it  has  been  due  to  manganese 
only — if  it  still  continue  brown,  it  is  owing  chiefly  or  alto- 
gether to  the  presence  of  oxide  of  iron.  If  tho  colour  of  the 
precipitate,  by  ammonia,  be  very  dark,  it  consists  alo[K>8t  en- 
tirely of  oxide  of  iron,  and  may  contain  little  or  no  aluminai— 
when  it  is  also  more  or  less  brown,  the  presence  of  both  alu- 
mina and  oxide  of  iron  may  certainly  be  inferred. 

e.  If,  after  the  first  addition  of  ammonia,  the  solution  be  filtered 
to  separate  the  alumina,  the  oxides  of  iron  and  manganesei 

after  being  dried  at  250^,  loses  still  about  20  8  per  cent,  of  waier  when  heat- 
ed to  redness. 

*  The  learned  reader  will  understand  why,  for  the  sake  of  simplicity.  I 
take  no  notice  of  substances  not  like!)  to  be  present  in  the  soil — es,  for  exsttf 
pie,  baryta,  which  would  here  be  thrown  down  along  with  the  lime,  or  of  ox- 
alic acid  which  equally  with  tbe  sulphuric  or  carbonio(a),  would  give  a  whits 
precipitate  with  nitrate  of  baryfo* 
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and  tbe  magnesia  that  may  be  thrown  down — if  oxalate  of 
ammonia  be  then  added  till  all  the  lime  falls,  and  the  liquid  be 
again  filtered,  evaporated  to  dryness,  and  then  heated  to  inei« 
pient  redness  in  the  air,  till  the  excess  of  oxalate  of  ammonia 
18  destroyed  and  driven  off— and  if  a  soluble  residue  then  re- 
main,* it  is  probable  that  potash  or  soda,  or  both,  are  present. 
If,  on  dissolving  this  residue  in  a  little  water,  the  addition  of 
a  few  drops  of  a  solution  of  tartaric  acid  to  it  produce  a  de- 
posit of  small  colourless  crystals  (of  cream  of  tartar,}  or  if  a 
drop  of  a  solution  of  bi-chloride  of  platinum  produce  in  a 
short  time  a  yellow  powdery  precipitate,  it  contains  potaslL 
If  no  precipitate  is  produced  by  either  of  these — ^re-agenta 
as  they  are  called — the  presence  of  soda  may  be  inferred.  If 
the  yellow  precipitate,  containing  potash  and  platinum,  be  se- 
parated by  a  filter*  and  tbe  solution  after  being  treated  with 
sulphuretted  hydrogen  and  filtered  to  separate  the  excess  of 
bi-chloride  of  platinum,  be  evaporated  to  dryness — if,  then* 
a  soluble  saline  residue  still  remain,  the  solution  contains 
soda  as  well  as  potash. 

It  is  to  be  observed,  that  some  magnesia,  if  present,  may 
accompany  the  potash  and  soda  through  these  several  pro- 
cesses. After  the  separation  of  the  potash,  a  little  caustic 
ammonia  will  detect  the  presence  of  magnesia,  but  it  will 
rarely  be  found  so  far  to  interfere  with  this  preliminary  exa- 
mination as  to  prevent  the  experimenter  from  arriving  at  cor- 
rect results.  (See  p.  55,/.) 
/.  If  the  addition  of  bi-chloride  of  plaUnnm  to  the  solution  di- 
rectly filtered  from  the  soil  give  a  yellow  precipitate,  it  con- 
tains either  potash  or  ammonia.  If,  when  collected  on  the 
filter,  dried,  and  heated  to  bright  redness  in  the  air,  white 
fumes  are  given  off  hj  this  yellow  precipitate,  and  only  a 
spongy  mass  of  metallic  platinum  remains  behind|  the  eola- 
tion contains  ammonia  only.  If,  with  the  platinum,  be  mixed 
a  portion  of  a  soluble  substance  having  a  taste  like  that  of 
common  salt,  and  giving  again  a  yellow  precipitate  with  bi- 
chloride of  platinum,  it  contains  potash — and  if  the  spongy 
platinum  contained  in  the  burned  mass,  after  prolonged  heat- 
ing, amount  to  more  than  57  per  cent  of  its  weight,  or  if  it  be 
to  the  soluble  matter  in  a  higher  proportion  than  that  of  4  to 
9,  the  solution  contains  both  potash  and  ammonia. 

The  presence  of  ammonia  in  the  saline  substance,  or  in 
the  concentrated  solution,  is  more  readily  detected  by  addinsr 
a  few  drops  of  a  solution  of  caustic  potash,  when  the  anieii 
of  ammonia  becomes  perceptible,  or  if  in  too  small  qu9>ntity 
to  be  detected  by  the  smell,  it  wiU,  if  present,  t^X0^  ^^ 

*  Not  precipitated  from  \t§  solution  by  tmmoiiia,  for  if  pc^Kt^|^^(^  ^  ^ 
parity  at  least  chloride  of  maf  nesium.  ^'^'^Y^ 


\ 
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blue  coloiir  to  reddened  litmus  paper.  This  experiment  is  beat 
made  in  a  small  tube. 
g.  If,  wben  the  solation^  obtained  directly  from  the  Boi]»  is  en^ 
porated  to  dryness^  and  the  residue  heated  to  redness  in  the 
air,  a  deflagration  or  bumioff  like  match-paper  be  obaerredt 
nitric  acid  is  present  Or»  if  the  dry  mass,  when  put  into  a 
test  tube  with  a  little  muriatic  acid,  evolves  distinct  red  fames 
on  being  heated,  or  enables  the  muriatic  acid  to  dissolve  gold- 
dust«  and  form  a  yellow  solution  ;  or»  if  to  a  colourless  solu- 
tion of  green  vitriol  (sulphate  of  iron),  introduced  into  the 
tube  alonff  with  the  muriatic  acid,  it  imparts  more  or  less  of  a 
brown  coIonr-«^in  any  of  these  cases  the  presence  <^  nitrk 
acid  may  with  certainty  be  inferred.  It  will  be  only  oo  rare 
occasions,  however,  that  salts,  so  soluble  as  the  nitrates,  will 
be  found  in  sensible  quantity  in  the  small  portioa  of  a  soil 
likely  to  be  employed  in  these  preliminary  experiments, 
h.  If  ammonia  throw  down  nothing  (see  under  d)  from  the  aoltt- 
tion,  and  if  no  precipitate  appear  when  the  chloride  of  cal* 
cium  or  magnesmm  is  afterwards  added,  the  solution  contains 
no  phosplioric  add.  But  if  ammonia  cause  a  precipitate,  and 
after  this  is  separated  by  the  filter,  nothing  further  falls  on 
adding  either  of  the  above  chlorides,  the  phosph<»1c  acid,  if 
any  is  present,^  will  he  contained  in  the  precipitate  which  h 
upon  the  filter.  Let  this,  after  bein^  well  washed  with  die- 
tilled  water,  be  dissolved  off  with  a  Uttle  pure  nitric  acid  di- 
luted with  water,  and  then  neutralized  as  exactly  as  poesiUe 
with  ammonia.  If  a  solution  of  acetate  (sugar)  of  lead  now 
throw  down  a  white  precipitate,  phosphoric  acid  is  prteeat. 
The  phosphate  of  lead-^the  white  precipitate  which  falls — 
melts  readily  before  the  blowpipe,  and,  on  cooling,  crystallises 
into  ahead  with  beautiful  crystalline  facets. 

Or,  if  the  precipitate  thrown  down  by  ammonia  be  wholly 
or  in  part  insoluble  in  pure  acetic  acid  (vinegar),  that  which  is 
undissolved  contains  phosphoric  acid.  If  acetic  acid  diaaolve 
the  whole,  it  may  be  inferred  that  no  phosphoric  acid  ia  pre- 
sent in  the  soil. 

But  if  no  precipitate  be  thrown  down  by  ammonia,  instead  of 
the  chloride  of  calcium  above  recommended  a  few  drops  of  a 
dilute  solution  of  alum  may  be  mixed  with  the  solution*  after 
adding  the  ammonia,  and  the  whole  well  shaken^  If  the  white 
precipitate,  which  now  falls,  dissolve  wholly  in  acetic  acid, 
no  phosphoric  acid  is  present,  and  vice  versa. 
These  preliminary  trials  being  made,  notes  should  be  kept  of 
all  the  appearances  presented,  as  the  method  to  be  adopted  for  ae- 
parating  and  determining  the  weight  of  each  substance  will  de- 
pend upon  the  number  and  nature  of  those  which  are  actually 
round  to  be  present 
14^.  DeUarmvnatum  (fAe  qwrntities  of  the  eeveral  eanstkuents  et 
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to  state  the  methojlp*  hj  which  the  respective  qeantitieB  of  wk 

contituent  may  be  accurately  determined, 
a.  Estinuaion  nf  the  SuJphttric  Aci^L — The  eolation  being  geotly 
warmed,  a  few  drops  of  nitric  acid  are  to  be  added  nDtil  the 
solution  is  slightly  acid»  and  any  cartx>nic  acid  tbat  may  be 
present  is  expelled,  after  which  nitrate  of  baryta  is  to  be 
added  to  the  solutioii  as  long  as  any  thing  falls.    Tbe  white 
precipitate  f  sulphate  of  baryta)  is  then  to  be  collected  oa 
a  weighed  njter,  well  wasted  with  distilled  water,  dried 
over  boiling  water  as  long  as  it   loses  weight,  and  then 
weighed.    The  weight  of  the  filter  being  deducted,*  every 
100  grains  of  the  d^  powder  are  equal  to  94*37  graios  of 
sulphuric  acidi. 
h.  Esttmatim  of  the  C%2ortne.— The  soluti/m  of  nitrate  of  aim 
must  be  added  as  long  as  any  precipitate  fails,  the  preclpitite 
then  washed,  dried  at  212<'  F.,  and  weighed  as  before.  E^eiy 
100  grs.  of  chlodde  of  silver  indicate  ^-07  grs.  of  chlorioe, 
or  40'88  prrs.  of  common  salt 

c.  Estimalianof  the  Lime. — A  little  diluted  muriatic  acidbeinf 
added  to  throw  down  the  excess  of  silver,  and  a  little  s^ 
phuric  acid  to  separate  the  excess  of  baiyta,  added  in  the 
former  operations^  and  the  precipitates  separated  by  filtralioa 
—caustic  ammonia  is  to  be  nonred  in,  till  the  solution  is  dis- 
tinctly alkaline.  If  no  precipitate  fal]»  oxalate  of  ammomais^ 
be  added  as  long  as  any  white  powder  appears  to  be  prodaceti 
The  solution  must  then  be  left  to  staud  over  night«-tbat  tbe 
whole  of  the  lime  may  separate, — the  white  powder  after- 
wards collected  on  a  filter,,  washed,  dried,  and  burned  with  tbe 
filter,  at  a  low  red  heat  The  gray  powder  obtained  is  carbonite 
of  lime,^  every  100  grs.  of  which  contain  43*71  grs.  of  lime. 

d.  Estimation  if  ^  Oxide  ^  iron  and  of  the  Alumini.^^^' 
if  a  precipitate  fall  on  the  addition  of  ammonia,  as  above  pn- 
Bcribed-<«the  solution  may  contain  magnesia,  alumina,  asd  tbe 
oxides  of  iron,  and  manganese.  In  this  case  the  precipitate 
Is  to  be  re-dissblved  by  u^e  addition  of  muriatic  acid,  till  it '[ 
distinctly  acid,  and  ammonia  again  add^  in  slight  excess.  I' 
any  precipitate  now  falU  it  will  consist  only  of  alumina  m 
oxide  of  iron,  unless  magnesia,  and  oxide  of  manganese  be 
present  in  large  proportion,  when  a  minute  quantity  of  each 
may  faU  at  the  same  time. 

The  precipitate  fs  to  be  collected  on  the  filter  as  quickly 

*  Or  the  wbok  nay  be  bcated  to  redness  in  die  air,  and  the  filter  birrDeJ 
•way.  In  this  caae  the  weight  of  aab  left  by  the  paper  moat  be  Mcettsioc^ 
hy  previous  trials,  and  the  due  proportion  deducted  from  tbe  weigbt  of  ibe 
•nljphate. 


Tbe  oolntion  ii  then  eyaponted  to  drynesst  and  the  dry  mass 
heated  to  redoefls  to  drive  off  all  the  ammoDiaeal  mke  previ- 
oaaly  added.  A  few  drops  of  diluted  flQlpfaorie  acid  are  added 
to  what  remaiiMi  to  change  tbe  whole  of  the  magneeia  into 
sulphate,  the  mass  again  heated  to  redoess  and  weighed.  One 
hundred  grains  of  t£a  sulphate  indicate  the  presenoe  of  3401 
grs.  of  pure  magnesia. 

But  if  potash  or  soda  be  present — the  weight  of  which  it  is 
desirable  to  determine — the  simplest  method  is  to  take  a  fresh 
portion,  15  to  20  grains,  of  the  saline  matter  under  examina- 
tion. If  any  sulphuric  acid  be  present  in  it  add  nitrate  of  ba^ 
ryta  drop  by  drop  to  the  solution  till  the  whole  of  the  aeid  is 
exactly  thrown  down — if  possible,  no  exoess  of  baryta  being 
left  in  the  solution— then  precipitate  the  alumina  and  oxides 
of  iron  and  manganese,  and  tbe  lune,  if  any  of  these  be  present, 
and,  finally  evaporate  to  dryness,  and  heat  to  redoess  as  be- 
fore. The  dry  mass  is  now  to  be  dissolved  in  water,  adding, 
tf  necessary  to  complete  the  fojvtton,  a  few  drops  of  muriatic 
acid.  A  quantity  <n  red  oxide  of  mercury  is  then  to  be  added 
to  the  concentrated  solutiout  and  the  whole  boiled  down  to 
dryness.  Water  now  dissolves  out  the  potash  and  soda  only, 
and  leaves  the  magnesia  mixed  with  oxide  of  mercury.  This 
is  to  be  collected  on  a  filter,  washed — not  with  too  much 
water — and  heated  to  redness,  when  the  magnesia  remains 
pure,  and  may  be  weighed. 

g.  Estimation  of  the  Potash  and  Soda. — The  solution  containing 
the  potash  and  soda,  is  to  be  evaporated  to  dryness,  and  heated 
to  redness  to  drive  off  any  mercury  it  may  contain.  The 
weight  of  the  mass  which  consists  of  a  mixture  of  chloride  of 
potassium  with  chloride  of  sodium  (common  salt)  is  accurately 
determined,  it  is  then  dissolved  in  a  small  quantity  of  water, 
and  a  solution  of  bi-chloride  of  platinum  added  to  it  insufficient 
quantity.  Being  evaporated  by  a  very  gentle  heat  nearly  to 
dryness,  weak  alcohol  is  added  which  dissolves  the  chloride  of 
sodium  and  any  excess  of  salt  of  platinum  which  may  be  pre- 
sent The  yellow  powder  is  collected  on  a  weighed  filter, 
washed  well  with  spirits,  dried  by  a  gentle  heat  and  weighed 
on  the  filter.  Every  100  grains  indicate  the  presence  of  19*83 
grains  of  potash^  or  3066  grains  of  diloride  of  potassium. 

The  quantity  of  chloride  of  sodium  is  estimated  from  the 
loss.  The  weight  of  the  chloride  of  potassium  above  found, 
is  deducted  from  that  of  the  mixed  chlorides^reviously  ascer- 
tained, the  remainder  is  tbe  weight  of  the  chloride  of  sodium. 
Every  100  grains  of  chlofide  of  sodium  (eomnton  salt)  are 
equivalent  to  53-29  of  soda. 

h.  Elstimation  of  the  Ammonia, — ^If  ammonia  be  present  in  the 
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from  which  the  lime  is  not  yet  thrown  down,  as  when  litOe  slu- 
mioa  and  oxide  of  iron  are  present,  a  small  portion  of  lime  and 
maifnesia,  if  contained  in  the  salt  under  ezamination,  may  have 
fallen  along  with  them  in  combination  with  phosphoric  acid. 

The  alumina  and  oxide  of  iron  which  rest  on  the  filter  are 
to  be  separated  and  estimated  as  already  described  (<Q. 
Ic.  Estimation  cf  the  Carbonic  Acid. — ^The  lime  and  magnesia 
dissolved  by  cold  diluted  muriatic  acid  are  partly  in  ocMnbina- 
tion  with  carbonic  acid  and  partly  with  the  hamic,  ttlmict  and 
other  vegetable  acids.  To  determine  the  carbonic  acid,  100 
grains  of  the  soil  dried  at  212^  are  to  be  introduced  into  a 
small  weighed  flask,  and  then  just  covered  by  a  weighed  qnan- 
tity  of  cold  diluted  muriatic  acid.  After  12  hours,  when  the 
action  has  ceased,  a  small  tube  is  to  be  introdoced  into  the 
flask  and  air  sucked  through  it  till  the  whole  of  the  carbonic 
acid  is  drawn  out  of  the  flask.  The  loss  of  weight  will  iadi- 
cate  the  amount  of  carbonic  acid  very  nearly.  It  would  be 
more  rigorously  ascertained  by  fitting  into  the  oiouUi  of  the 
flask  a  tube  containing  chloride  of  calcium,  and  then  heating 
the  solution  to  expel  the  carbonic  acid. 

Every  hundred  grains  of  carbonic  acid  indicate  the  preoenee 
of  77*24  grains  of  Time  in  the  state  of  carbonate.  The  weight 
of  lime  in  this  state,  deducted  from  the  whole  weight  obtained 
as  above  (c),  gives  the  quantity  which  is  in  comhinatioii  with 
other  organic  acids. 

IV. — OF  THE  INSOI.UBI.B  BARTHT  MATTEE  OF  TBS  SOIL. 

15°.  When  the  soil  has  been  washed  with  distiUed  water  as  above 
directed — it  is  to  be  treated  in  the  cold  with  diluted  muriatic  acid 
>— and  allowed  to  stand  with  occasional  stirring  for  12  hours.  By 
this  means  the  carbonates  of  lime,  magnesia,  and  iron^  and  the 
phosphates  of  Jime,  and  alumina  are  dissolved — with  any  liooe,  mag- 
nesia, oxide  of  iron,  or  alumina,  which  may  have  been  in  combina- 
tion with  organic  acids.  The  iron,  alumina,  and  phosphoric  acid 
are  to  be  precipitated  by  ammonia,  the  lime  by  oxalate  of  ammonia, 
and  such  other  steps  taken  as  may  be  necessary,  according  to  the 
methods  already  described. 

lO^'.  The  undissolved  portion  may  now  be  treated  with  hot  con- 
centrated muriatic  kept  warm  and  occasionally  stirred  for  two  or 
three  hours,  and  the  solution  afterwards  evaporated  to  dryness. 
The  dry  matter  is  then  to  be  moistened  with  a  few  drops  of  mnria- 
tic  acid,  and  subsequently  treated  with  water.  What  reaaains  un- 
dissolved is  silica,  which  must  be  collected  on  a  filter,  dried,  heated 
to  redness,  and  weighed. 

The  solution  may  contain  oxide  of  iron,  alumina,  lime,  magnesia* 
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No.  VL 
▲cnoN  OF  6TF9UM. — See  Part  III,  pp.  47  to  6i. 

In  the  text  I  have  stated  what  appear  to  me  the  most  probable 
eflbcts  which  gypsum  is  fitted  to  produce  upon  the  soil.  Some  of 
the  numerous  opinions  that  have  been  entertained  upon  this  point 
are  thus  summed  up  by  Hlubeck : — 

**  According  to  KoUner,  the  action  of  firypsum  depends  upon  the 
power  possessed  by  lime  to  form  with  the  oxygen  and  carbon  of 
the  atmosphere  compounds  which  are  favourable  to  vegetation ; 
according  to  Ruckert^  it  acts  like  any  other  food ;  according  to 
Mayer  and  Brawn^  it  merely  improves  the  physical  properties  of 
the  soil ;  while,  according  to  RieU  it  is  an  essential  constituent  of 
the  plant  Hedwig  called  gypsum  the  saliva  and  gastric  juice  of 
plants ;  Humboldt,  Girtaner,  and  Albert  Thaer  considered  it  as  a 
etimulant  b\r  which  the  circulation  of  plants  is  promoted ;  and  Chap^ 
4al  ascribed  its  action  to  a  supposed  power  of  supplying  water  and 
carbonic  acid  to  plants.  Davy  regarded  it  as  an  essential  consti- 
tuent of  plants,  because  it  acts  only  where  gvpsum  is  wanting  in 
the  soil ;  while  other  English  agriculturists  have  supposed  it  to 
promote  fermentation  in  the  soil.  According  to  Lavhekder^  it  acta 
as  an  exciting  power  without  mixing  itself  with  the  sap  of  the 
plant ;  according  to  Liebig,  it  fixes  the  ammonia  of  the  atmosphere ; 
and,  according  to  Braconnot  and  Sprerigelf  it  supplies  sulphur  for 
the  formation  of  the  legumin  of  the  leguminous  plants  (the  most 
probable  view)." — Emdhrung  der  PJlanzenf  p.  70,  note. 

To  the  above  extract  I  may  add,  that  Mr.  Cuthbert  Johnson,  so 
long  known  for  his  many  valuable  writings  upon  agriculture,  in 
following  out  the  above  idea  of  Reil  and  Davy  in  a  recent  paper  on 
the  use  of  sypsum  (Jour,  of  the  Royal  Agr.  Society,  ii.,  p.  108), 
has  stated  that  a  crop  of  clover  or  sainfoin  contains  1^  to  2  cwt  of 
gypsum  per  acre,  exactly  the  quantity  which  the  farmers  of  Kent 
and  Hampshire  find  it  useful  to  apply  to  their  grass  lands  ewery 
year.  Tnis  statement  afibrds  a  very  simple  explanation  of  the  use 
of  gypsum,  and  one  which  at  first  sight  leaves  nothing  to  be  desired. 
But  it  proves  too  much,  for  it  supposes  the  whole  of  the  gypsum 
which  is  laid  upon  the  grass  or  clover  field  to  be  removed  year  by 
year  in  the  crop,  and  makes  no  allowance  either  for  the  quantity 
which  must  necessaril  V  be  carried  off  by  the  raius,  or  for  that  which 
must  be  sometimes  at  least  laid  on  in  the  form  of  farm-yard  or  other 
similar  manure.  Nor  does  the  result  of  analysis  confirm  the  above 
statement  as  to  the  quantity  of  gypsum  contained  in  the  crop  of  clover 
or  sainfoin.  By  referring  to  Part  IL,  p.  323,  it  will  be  seen  that  1000 
lbs.  of  dry  hay  do  not  contain,  on  an  average,  more  than  4  lbs.  of 
BQlphoric  acid-^equal,  supposing  it  all  to  be  in  combination  with 

28 


as 

lime,  to  8f  lbs.  of  gypram.  Or  a  crop  of  1|  tons  of  hay  eontams 
the  elemeDts  of  about  30  lbs.  of  gypBum— only  abont  a  sixth  pan 
of  what  is  usually  added  as  a  top>ares8ing  to  .the  land. 


No.  VIL 

SUGGESTIONS  FOB  EXPERIMENTS  WITH  THE  SOLITBLE  SZUCAXaS  OP 

POTASH  AND  SODA. 

In  the  text  (Part  11.  p.  304  and  Part  III.  p.  72)  I  have  had  iie- 
quent  occasions  to  refer  to  the  presence  in  the  soil  of  the  silicates  of 
potash  and  soda,  and  to  their  supposed  action  in  supplying  silica  to 
the  stems  of  the  grasses  and  of  the  corn-bearing  plants.  It  would 
be  interesting,  in  a  theoretical  point  of  view>  to  ascertain,  by  ex- 
periment, more  fully  than  has  hitherto  been  done,  how  £ar  the  ap- 
plication of  these  substances  to  the  growing  crops  would,  as  a  gena- 
ral  rule,  improve  or  otherwise  afl^ct  their  growth.  But  as  those 
experiments  which  have  already  been  made  (Part  III.  p.  72),  aflbrd 
a  strong  presumption  in  favour  of  their  economical  value,  it  b&> 
comes  a  matter  of  practical  interest  also  to  investigate  their  apparent 
effects  upon  each  of  our  cultivated  crops. 

These  experiments  are  placed  within  the  reach  of  the  practical 
farmer  during  the  ensuing  season,  by  the  introduction  of  the  above 
compounds  into  the  market  at  a  reasonable  rate  (Part  III.  p.  73.)  I 
therefore  subjoin  a  few  suggestions  for  experiments  with  these  sili* 
cates,  in  the  hope  that  some  of  the  many  zealous  and  intelligent 
practical  men,  who  are  now  directing  their  attention  to  the  aj^li- 
cations  of  chemical  science  to  agriculture,  may  be  induced  to  enter 
upon  this  field  of  inquiry  during  the  ensuing  spring. 

1^.  In  order  to  convey  silica  into  the  plant,  it  appears  to  be  che- 
mically indifferent  whether  the  silicate  of  potash  or  that  of  soda  be 
placed  within  reach  of  its  roots.  But  as  the  silicate  of  soda  can  be 
manufactured  very  much  cheaper  than  that  of  potash,  it  is  desira- 
ble above  all  to  try  the  effects  of  this  compounct — ^upon  the  grasses 
and  corn-bearing  plants  especially. 

2^.  But  as  in  the  ashes  of  most  plants  potash  is  found  in  larger 
quantity  than  soda,  it  is  possible  that  the  effect  of  the  silicate  of 
potash  upon  some  soils  may  be  so  much  greater  than  that  of  Uie 
salt  of  soda  as  to  counter-balance  the  difierence  of  expense.  Hence 
the  propriety  of  extended  trials  with  this  compound  also. 

3^.  But  as  in  the  ashes  of  all  our  cultivated  plants  both  p€riask 
and  soda  are  found,  it  may  be  that  a  mixture  of  the  two  silicates 
may  act  better  than  either  alone.  It  will  be  proper,  therefore,  to 
apply  such  a  mixture  in  different  proportions,  and  to  compare  its 
effects  with  those  of  each  of  the  silicates  laid  on  singly. 
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tures  they  always  tliri?e  the  best  The  fall  benefit  of  the  sili- 
cates, when  applied  alone,  will  be  experienced  only  when  every 
other  ing^dtent  which  the  plant  requires  is  already  present  in 
the  i<Ml,  and  ia  siiffieient  abnndance.  But  this  can  rarely  be  the 
ease.  Its  success  will  be  more  sure,  therefore,  if  it  be  applied  in 
a  state  of  miztare  with  other  saline  substances  which  are  known 
to  be  more  or  less  useful  to  vegetation,  and  which  will  not,  upon 
admixture,  decompose  these  silicates.  Such  are  common  sfdt  and 
the  sulphate  and  nitrate  of  soda. 

A  third  series  of  comparative  experiments,  therefore,  might  be 
made,  in  which  from  1  to  l^  cwt  per  acre  of  the  following  mix- 
tures might  be  applied  ; — 1^.  Equal  weights  of  common  salt,  of  dhry 
sulphate  of  soda,  of  nitrate  of  soda^  and  of  silicate  of  pottuh.  2^, 
Equal  weiffhts  of  the  same  substances,,  omitting  the  silicate  of  pot- 
ash.- 3^.  Equal  weights  of  common  salt,  of  dry  sulphate  of  soda, 
of  nitrate  of  potash,  and  of  silicate  of  soda  ;_  and  4^.  Equal  weights  of 
the  same  substances,  omitting  the  silicate  of  soda,  or  substituting 
carbonate  of  soda  in  its  stead. 

The  sulphate  of  magnesia  (Epsom  salts)  or  of  lime  (gypsum) 
cannot  be  safely  used  along  with  the  silicates,  as  the  magnesia  or 
lime  they  contain  may  decompose  the  silicates — forming  sulphate 
of  potash  or  soda  and  silicate  of  magnesia  or  lime,  in  which  the  si- 
lica is  insoluble,,  and  eould  not,,  therefore,  until  a  further  chemical 
change  took  place,.  ^  its  way  into  the  roots  of  the  plant. 


No.  VIII. 

RESULTS  OV  E3ffESIMENTS  IN  PRACtlCAZ.  AGBICVLTtrfiB, 

KADB  m  1842. 

I  have  much  gratification  in  layin|^  before  my  readers  the  results 
of  a  second  year's  series  of  experiments  undertaken  in  conse- 
quence of  suggestions  thrown  out  in  previous  parts  of  this  Ap- 
pendix, or  of  opinions  expressed  in  the  body  of  the  work.  It  is 
one  of  the  numerous  good  results  which  have  followed  from  the 
issue  of  these  Lectures  in  a  periodical  form  that  I  have  the  plea- 
sure of  incorporating  in  the  same  volume  the  results  of  experi- 
ments made  during  two  successive  years.  No  one  who  studies 
with  care  the  experiments  which  follow,  and  the  few  remarks  I 
^ve  appended  to  them,  will  hesitate  in  pronouncing  them  to  be 
as  a  whole  the  most  valuable  contributions  to  accurate  experi- 
mental afirriculture  ever  hitherto  published.  The  results  are  not 
all  equalfy  important,  nor  all  equally  instructive,  but  they  are  the 
first  fruits  of  a  new  line  of  research,  which  will  lead  us  hereafter 


1^.  Tliat  fiafine  nmmreB  in  that  locality  eaniMl  eemKnnkillj 
take  the  place  of  farovryaid  manure,  even  for  a  single  eeaioo. 

2*.  That  saline  manures  are  even  hurtful  in  the  present  ooBdi- 
tion  of  the  land,  when  employed  alone — producing  a  smaller  crop 
than  if  no  manure  had  heen  applied  at  all,  and  some  of  them  ini 
reroarkahle  degree.  This  appears  to  be  especially  the  can  with 
common  salt,  which,  at  the  rate  of  I  cwt.  an  acre,  redaced  the 
crop  of  bulbs  nearly  to  one-half  of  what  was  yielded  by  tiie  vb- 
manured  portion  of  the  field.  It  is  still  more  striking  that  nitrite 
of  soda  applied  at  the  same  rate  should  diminish  the  crop  tlioogb 
in  a  less  degree  than  common  salt — ^and  that  soot  shoald  almoct 
kill  it  entirely,  and  that  1&  cwt  of  rape-dust  per  acre  shofkl  pr^ 
duce  scarcely  any  effect  In  regard  to  guano  it  was  applied  ia 
too  smal)  quantity  to  do  all  the  good  of  which  it  was  capable  bid 
it  been  laid  on  more  lai^ly.  If  6  or  8  cwt  instead  of  I^  cwt  per 
acre  had  been  used^the  crop  would  probably  have  equalled  that 
obtained  by  the  use  of  farm-yard  manure. 

There  is  no  doubt  that  to  the  extreme  drought  of  the  seasoo, » 
Mr.  Goodlet  observes,  must  be  ascribed  ^e  injury  or  actual  kc- 
•ening  of  the  crop  ;in  this  case,  by  the  use  of  saline  manurei- 
The  drought  brings  up  the  saline  matter  to  the  surface,  and  thus 
enables  it  to  encrust,  and  weaken,  or  entirely  kill,  the  growin? 
plants.  The  want  of  rain  in  1842  waa  much  more  felt  in  the 
Eastern  part  of  Scotland  than  in  the  'West,  where  the  gieater 
part  of  the  succeeding  experiments  were  made,  and  where  occa- 
sional showers  refreshed  the  land^ 

One  other  observation  I  may  make.  Had  the  saline  natters 
been  mixed  with  a  fair  proportion  of  farm-yard  manure,  it  is  pr<^ 
bable  that  even  on  this  field  the  effects  would  have  been  veiy  dif- 
ferent One  reason  for  this  expectation  is,  that  the  plants  beiog 
kept  in  a  rapidly  growing  state — ^partly  use  up,  and  even  eagerly 
appropriate,  a  large  portion  of  the  saline  matter  as  it  rises  to  the 
surface— and  by  their  strength  are  enabled  to  resist  the  injaroas 
action  of  any  excess,  which  in  ordinary  circumstances  is  likely  to 
remain.  The  reader,  however,  will  not  ask  why  the  experi- 
ments were  not  so  made — for  he  has  already  seen  that  their  object 
was  to  ascertain  the  effect  of  saline  manures  applied  aUme*  Fi^ 
their  results,  however,  he  will  draw  for  himself  the  important 
practical  rule,  that  in  ordinary  dreunuianees  it  is  wnsqfe  to  trust 
%is  turnip  crop  to  sdliTie  manures  aUma — ^that  they  may  assist  the 
action  of  farm-yard  or  other  similar  mixed  manures,  but  cannot 
supply  their  place.  But  upon  this  point  the  succeeding  series  of 
experiments  throw  much  further  light 

IL  The  special  objjBct  of  the  fi>llowing  four  aeries  of  experiaients 
was  to  asoertain— 


V>.  RaMlU  of  ExponieBtf  with  rmtktm  SabttancM  Mod  m  wummtm  for  frof«Hbf 
£«•%  Lwtrpod  r«lio«  TKnnp«,  aown  9th  June,  aiid  liAad  M  Dwemher,  18«. 


No. 


3 

:! 

6 
7 

e: 

9! 

10 
11 

13 

16 
17 
18 


BBKRIE  KNOWU  YIELD. 
DatcripUon  of  Manurot  iwod. 


NataralOmaoatSSa. 

VVo(«d-ashes 

Barocban  Artificial  Guaao*  . . . 

Wood-ashei 

Rape-dust 

Turnbaira  Artificial  Guano 

Woodaahea 

Soil  Simple 

Tumboll'a  Humoa 

Bone-duat 

Potaah  and  Lime   mixed,    14 

montha  old 

Salt  and  Lime  mixed,  3  months 

old 

Sulphate  of  Magnesia, 

Sulphate  of  Ammonia 

Nitrate  of  Soda 

Sulphate  of  Ammonia 

Wood-ashes , 

Nitrats  of  Soda 

Sulphate  of  Magnesia 

Wood-asiies 

Sulphate  of  Ammonia 

Sulphate  of  Majrnesia 

Lime  and  Potash , 

Turnbuirs  Artificial  Goano 

Baroehan  Artificbl  Guano 

Soil  Simple 


Quantity  of 
Manure 

applied  per 

imperial 

Acre. 


Cost  per 

Acre, 

incladiiif 

earriaye  and 

putting  on. 


5  cwL 
90  bush. 

Scwt. 
20  bush. 
15  cwt. 

Scwt. 
SO  bosh. 

50  bush. 
30  bush. 

SO  bush. 

50  bush. 

1  cwt. 
Icwt 
Icwt 

56  lbs. 

4U  bush. 

56  lbs. 

SSibs. 

40  bush. 

84  lbs. 

40  lbs. 

20  bush. 
ScwL 
Scwt. 


I 


£ 
6 
0 
8 
0 
6 
9 
0 


a. 

9 
10 
10 
10 
10 

1 
10 


9  II 
4    3 


d. 
0 

t] 

6 
6 


1  17    6 
10    0 


0  8 

1  1 
I    5 

0  n 

1  0 

0  19    6 

0  9    6 

1  0 
0  16 
0  3 
0  8 
9  1 
9  10 


l*roduce  of 
Bulbs,  topped 

and  tailed, 

per  imporial 

Acre. 


tons.  cwt.  qra. 
S3      9    9 


91  9 

94  11 

18  5 

11  8 

13  14 

17  9 

14 


3 

9 

3 

9 
1 
3 


S    3 


18  17  1 

14  17  1 

94  11  9 

97  9  3 

90  17  3 


11    11    9 


16    14    I 


21  4 
94  9 
19    17 


1 
1 
1 


RBMARics.-~The  soil  is  a  light  hnzol  loam  incumbent  upon  sand -stone  rock.  It  was 
trenched  with  the  spade,  in  the  spring  of  1843,  out  of  the  pasture  grass,  to  the  depth 
of  16  inches,  and  the  rock  quarried  out  when  it  came  nearer  the  surface  than  tnat 
depth,  it  was  again  pointed  over  before  sowing,  after  which  the  drills  were  made  upon 
the  flat  surface  with  the  hoe,  at  the  distance  of  97  inches  between  them,  tke  wtammre 
aevn  iuh^the  kandi  and  coTered  up,  the  seed  sown  and  rolled  in.  The  weather  araa 
Tery  dry  at  the  time  they  were  sown,  and  continued  so  till  about  the  20th  June,  aeoom- 
psnied  with  east  winds  and  bright  sunshine.  They  brairded  moderately  well,  asd 
most  of  them  came  away  strong  and  healthy.  Tn  examining  them,  and  in  the  worfchig^ 
them,  which  was  done  by  the  hand-hoe,  many  of  them  showed  a  rrmarkabie  diflTerenco 
fh>m  the  others;  particularly  I9o.  1  was  vre-ewUtumt  dbovt  tke  otiterifn-  tixe  ofbmlh* 
md  ttrtnrtk  ofJoUage.  Many  of  the  bulbs  were  11  Iba.  in  weight ;  those  with  the 
saline  anaalkaline  manurea,  auch  as  Nos.  8,  9, 10,  and  IS,  were  much  smaller  in  balba 
and  leares  than  No.  1,  fr«t  were  remarluMe  forJirmnetB  and  seltdity  of  talks.  No.  1 1 
was  larger  in  size  both  of  bulbs  and  leares,  but  soft  and  light  in  weight.  No.  7  had 
Tery  firm  solid  bulbs,  as  had  also  Nos.  2  and  4.  The  numbers  of  the  plots  given  in 
Uie  Table  indicate  the  order  ia  which  they  were  grown  in  the  field. 


The 


iaii  Art^idai  Chumo  conaiated  of 


Bones  dissolved  In  Murlatie  Acid  . .  2  cwt. 

Charcoal  powder 9  cwt. 

Sulphate  of  Ammonia 1  cwL 

Common  Salt  and  Gypaom,  each . .  1  cwt. 
Wood-aahet Scwt 


Nitrate  of  Soda ....9Blha. 

Sulphate  of  Soda  and  \  ^,_-v         m  ji.. 
Sulphate  ofMagaeaia,)**^*"' ^""^ 

19ewLlqr.90lb«. 


i 

o 

1 

8 

.8. 

p 

Hi 

iniiihmiiii 

iilinnnlifiilHI 

t' 

(^«        «£»««.«« 

» 

l^liiiij 

1 
■3 

8 

a  s  5  s's  s  s» 

1 

si 
11 

i 

a  sis  ;S 

iilii 

JUiliii 

WW 

iiiiiL. 

I 

^ 

niiiiii 

ill*! 
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4*.  Raraltt  of  BxpatiMOBta  witk  difforent  mixod 
TVmi^,  oa  DOW  treoekod  land,  Bneklatkor 
lOth  Decoabor,  1848. 


BMBiirw,  !■  gnmimm  WkiU 
FML   8ova  UtkJalr.  aad 


No. 

1 
2 
3 

4 

DMeripUoB  of  Manaro  uad. 

Qnaatitj 

per 
imperial 

Acre. 

Pricoof 

Mao  ore 

Acre. 

WeifJii  ia 

impeitel 

pooadapor 

ith  Acra. 

Wtagbim 

per  inpexiali 

Tumbull'f  Hamof 

Taroball't  Improved  Bones. . 
Baroohaa  artiBeial  Giuao. . . . 
Natural  Ouuio 

aOboah. 
5ewt. 
ScwL 
Sewt. 

iB    o.    d. 
3     0   0 
1    10    0 

5  10    0 

6  5    0 

Iba. 

SMfO 

4900 

6300 

om 

tons.    CWL  1 
U          5 
IT       It   i 

»     a 

»        IS 

The  Natural  Guaao  wm  porehased  December,  1841,  wb^  the  price 

It  can  BOW  lie  had  tar  £13. 

Kbmabks.— -The  land  waa  drenched  18  inchea  deep,  and  compiemy  draiaed 
dlataoee  of  18  feet,  with  tile  drains  laid  30  inches  deep,  in  FebniafT-,  184S. 
to  this  it  waa  in  a  wet,  sour  staler    It  was  afain  pointed  over  with  the  epodo, 
drills  nwdo  for  the  manures  with  the  bee  upon  the  leTol  surAee.  Tbo  mani 
then  sown  in  the  bottom  of  the  drills  with  the  hand,  and  a  little  earth  hciug 
them,  the  seed  waa  sown,  covered,  and  rolled.    The  weather  had  beaa  dry  Sk 
tisM  before  aowin; ,  but  rain  came  on  that  day ;  they  brairded  quickly,  and 
to  f  row  till  lifted— the  field  being  well  sheltered.    The  tops  of  Noa.  9, 3;  arnd 
of  a  dark  green  colour,  and  remarkably  luxuriant,  many  of  the  bulha  weichii 
5  to  8  lbs.    Na  1  was  of  a  lighter  £reen,  but  strong  and  healthy,  and  UMsy 
bulbs  of  this  lot  were  5  and  6  lbs.    The  bulbs  of  all  of  thaai  were  finely  shaped. 


at  As 
the 


fitum 
of  the 


III.  The  object  of  the  two  following  serieB  of  ezpeiimenta  waa 
the  same  as  in  those  of  Mr.  Fleming. 

1°.  Results  of  comparative  experiments  npon  Swedes  and  other 
Turnips  made  on  the  home  farm  8f  Mr.  Alezandert  of  Soathbsr, 
near  Paisley,  in  1842. 

The  soil  of  the  field  was  a  deep  loam,  with  a  slight  admixture 
of  peat— the  subsoil  was  partly  a  licht  clay  and  partly  a  sandy 
gravel.  It  was  thoroughly  tile-drained  and  sabsoilM  to  the  depth 
of  fourteen  inches. 


No. 


Kind  of  Manuret. 


is 

4 


SwBDBa,  wtsa  8A  Jlfoy. 

Bone-dust ^ 

Bones ^ 

Ash-dung 

Farm-yard  dung 

Mixture  o/Tclfov  oad  IFMIs.mmb  lOlA  Jmlf. 

Guano 

Guano 

Farm-yard  manure 


QuaatHy 

per 

imperial 

Acre. 


33  bush. 
10  bush. 
IS  teas. 
33  tons. 

S^cwt 
9  CWL 
6  tons. 


Costpor 

iameriri 

Acrau 


Prodi 
Kahalw 
imp. 


4 

5 

11 

3 
4 


8 
8 

4 

10 
10 


94 


301 

S» 
94 


Mr.  Alexander  adds,  I  must  here  notice  particularlr  the  result  of  the  last  two  expo« 
rimenta.  The  seed  sown  was  a  mixture  of  yellow  and  white,  and  the  period  of  sowiag 
as  late  as  the  10th  of  July.  The  weather  at  the  time  being  faron^le,  they  brairded 
quickly,  grew  with  great  rigour,  and  when  all  the  other  turaipa  ia  the  fli^d  boesuBM 
aflhcted  with  mildew  they  stood  as  areen  as  ever.  Thte  (▼!&,  the  Boa-miMewiag)  I 
attribute  greatly  to  the  goaao,  as  well  as  to  the  late  sowiog,  aeror  before  haTiaf 
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nichaweifbtof  tiiraiMprodiNedyMiwntotot«iiilh«wMOik  I  ai^pltod  other  ttilUU 
cial  BuavrM  on  both  of  th«M  fields  with  a  due  prbpertaon  of  dUOf ,  reryinf  the  qoan- 
titiea  and  modea  of  appUeation,  t  appeared  to  aie  best  to  test  ibeir  qualities,  but  •■ 


the  conparative  effect  it  so  difficult  to  decide  upoo,  I  can  only  here  observe,  with  ao7 
certaiDty,  thattboOgh  the  turnips  brairded  quicker  when  the  dung  was  assisted  wltli 
these  manures,  parhemturlf  «here  TwrmbtUl'tkimnu  ««  appUed,  the  crops  afterwardt 
did  not  appear  to  bm  to  be  materialiy  aided. 

2^.  Kesalt  of  experiments  upon  Yellow  Tumifs  made  by  Mr. 
Alexander,  of  Southbar,  at  Wellwood  Farm,  Muirkirk,  Ayrshire, 
1842. 

The  nature  of  the  soil  on  which  the  experiments  were  made 
was  reclaimed  moss  (then  about  2  feet  deep),  having  a  clayey 
subsoil,  but  which  had  been  thoroughly  drained  with  tiles  at  fifteen 
feet  apart  The  field  had  produced  white  and  hay  crops,  but,  as 
far  as  known,  had  never  been  previously  green-cropped.  The 
whole  of  it  received  the  same  labour,  preparatory  to  sowing,  and 
the  weather  during  the  operation  (which  lasted  four  days)  was  the 
same,  thus  giving  to  each  experiment  an  equal  chance.  The 
period  of  sowing  was  from  the  15th  to  19th  of  May ;  the  turnip 
seed  used  was  Skirving's  improved  purple*topped  yellow ;  the 
dung  used  was  the  produce  of  tbe  farm,  and,  with  the  exception 
of  the  foreign  guano,  all  the  other  manures  applied  were  those 
manufactured  and  sold  by  Mr.  TurnbuU,  of  Glasgow.  The  extent 
of  ground  for  each  experiment  was  one  acre,  Scotch  measure. 


No. 


4^ 


5 
6 


Kiod  of  Manure. 


Fann-yard  Dung . 

Humus 

Farm*ysrd  Dung . 

Humus* 

Artificial  Guano*. . 
Farm-yard  Dung  . 
Prepared  Booes*. . 
Farm-yard  Dung  . 

Humus 

Improved  Bones . . 
Artificial  Guano. . . 
Ammoniacal  Salts. 
ArUficial  Guano. . . 
Guano 


Quaatity 

per 

imperial 

Acre. 


19  tons. 

a   cwL 
13   tons. 

1)  cwrU 

UCWL 

12  tons. 
S^cwt 

13  tons. 

lbs. 

lbs. 

lbs. 

lbs. 

Sicwt. 
3i  cwu 


90 
90 
90 
45 


Cost  of 

manure  per 

imperial 

Acre. 


Produce  in 

Bulbs  per 

imperial 

Acre. 


£  «.   d. 
4    4    0} 
0    8    05 


4  4  0) 
0  7  0> 
0    6    0) 


4 

15 
4 
3 
4 
5 
8 
3 
5 


01 
9 
10 
6 
0 
0 
0 


StStODS. 


S4  tODs. 


SMtODs. 


18  tons. 


9^  tons. 
88  tons. 


Cost  for 
Msnure 
per  ton. 


B.    d. 

3  3i 

4  1 
4  11* 

6    7} 


2    5 
S    4 


IV.  Effect  of  Gypsum  on  the  Turnip  Crop. 

In  1841,  Mr.  Burnet,  of  Gadgirth,  near  Ayr,  applied  a  top-dress- 
ing of  gypsum  to  part  of  a  field  of  turnipB,  and  found  that  it  nearly 
doubled  the  crop. 

In  1842,  Mr.  Campbell,  of  Craigie,  in  the  same  neighborhood, 

*  TumhtWB  HumMM  is  formed  from  urine  and  night-soil  mixed  with  gypsum  and 
charcoal  end  then  dried.  .     .     « 

T^mbtUVt  prepared  Bonet  tact  bones  and  flesh  dissolved  m  muriatic  add,  and  mixed 
with  about  sn  equal  quantity  of  charcoal  in  powder. 

Tun^uU'B  Artificial  Gtumo  is,  I  believe,  prepared  bones,  with  a  little  salt  and  sul- 
phate of  ammonia  prepared  from  urinoi  and  dried  with  a  stove-heat. 


n 

**  dressed  a  six  acre  field,  with  the  exception  of  a  few  rows,  with 
two  cwt.  of  nnbarned  gypsum  per  acre.  The  crop  over  tbe  wlnie 
was  excellent,  but  there  was  no  perceptible  diftrence  between 
the  dressed  and  tbe  undressed  part" 

How  are  these  discordant  results  to  be  reconciled  ?  The  fol- 
lowing questions  suggest  themselves  as  worthy  of  inTeetlffatkNi— 

lo.  /s  gypsum  reeUly  propUimis  to  the  turnip  cropy — and  to  eter^ 
variety  alike  7 

2^.  Are  tbe  unlike  results  above  obtained  to  be  ascribed  to  the 
abundant  presence,  in  the  ontf  case,  of  gypsum  in  tbe  soil,  or  ii 
the  manure  ploughed  in,  and  its  absence  in  the  other — or  to  the 
variety  of  turnip  cultivated  1 — or 

8^.  Can  the  sea-spray  supply  gypsum  to  Mr.  Campbell's  estate, 
*vhich  is  within  two  miles  of  the  coast,  while  it  is  less  bonntifiilto 
that  of  Mr.  Burnet,  which  is  six  miles  inland  ? 


B.— EXPERIMENTS  ON  POTATOES. 

I.  Results  obtained  by  Mr.  Campbell*  of  Craigie^ 

Four  equal  drills  of  potatoes  were  treated  as  follows  :^- 
1<^.  Guano,  8  cwt  per  acre,        ...        produce  5  peeks. 
2^.  Farm-yard  dung,  40  cubic  yards  per  acre  -    produce  6    da 
^^.  Do.,  t(^re8sea  afterwards  with  60  lbs.  of  )    urodoca  6    da 
nitrate  of  soda,        -        -        -         C   proauco  o    oa 

4®.  Do.,  top-dressed  with  160  lbs.  of  sulphate  \   ^^^^^^  ^    jl. 
and  nitrate,  mixed,  ^        -         \  ^^"^^    ^ 

The  above  result  is  favourable  to  guano*  considering  that  it  was 
applied  in  such  small  quantity ;  but  why  did  the  saline  mannrea 
produce  no  e&ct — was  it  because  of  the  drought  of  tbe  seasost 
or  was  it  because  Mr.  Cunphell's  land  is  already  amply  supplied 
with  salts  of  soda  from  its  vicinity  to  tbe  sea !  (see  hodures^  Part 
III,  pp.  63  and  67).  These  experiments  are  not  unworthy  d 
repetition  on  a  larger  scale. 

II.  Some  very  striking  results,  obtained  by  top-dressing  potatoes 
with  saline  manures  on  a  small  scale,  were  described  by  lib. 
Fleming,  of  Barochan,  in  1841»  and  are  recorded  in  the  preceding 
part  of  this  Appendix  (p.  32).  Tbe  following  three  series  of  ex- 
periments, made  under  the  direction  and  superintendence  of  tbe 
same  gentleman,  have  been  made  upon  a  larger  scale,  and  with 
the  view  of  throwing  light  upon  a  greater  number  of  intereeling 
points — 

The  object  of  the  first  series  was  to  ascertain  the  effect — 
\^*  €f  different  mixed  manures^  token  applied  alone  to  the  poUUc 

Z^.  Their  relative  effects  on  different  varieties  cf  potato. 
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30.  The  folkywingr  expetiBieato  were  made  witk  the  view  ef  ie- 
tdimining  Kawfiir  economical  miieiures  might  be  iMide  fo  Muyvmit 
fmrm-ffttrd  irHmure  in  <Ae  gromh  if  potatoes  : — 

1^  Acooont  oftt  SKpwimefit  in  growiDfPotaloMCIiUi  Pink  Eyw)  with 
tke  foUowing  ariitef  <rf  <ttUlMio— ,  initWMl  of  ten-yaid  dung,  plmed 

90ifa  Aptil,  ftA2. 


* 

ilauitit J  ifetendod 

c«M«r    ! 

2f«. 

1MX«^ 

'^"jiilS 

a.famn   J 

•WlOi  «ff»     Ibo. 

£    aw    4. 

Rapo-d«(rt 

•  • V.                    •  *•  - 

5       0       0 

1     10    0 

Booe«  dJM0lf«4  tai  Horialle  Aiid 

•     19    0     1 

CarbonMo  of  Luw  .... 

0       9     94 

•  0   0 

•  1    0 

Nitrate  orSoda         

•    MO 

OftOHKHlflOlt 

•      9    S 

•ulphota  oTflMa      ...« 

•      9    0 

SmphstBorAvaoMiia  .. 

•     MO' 

9ulph«r      

.••.•                  .... 

•      1    0 

10 

Drjmom^ttOk       .... 

••••                                         «•*« 

90       0     90 

4      19 

Ffffinw — Th^ otevo  mfxtm*  ww  usma  ia  tlie  drills  at  tiM  rata  of  •b««t  5ci 
par  imperial  acre,  at  a  coat  of  Ihtia  More  dHu  £1  alerliaf  ,  and  prod^cad  a  ftir  csaf 
it  pol«toea  of  a  ranarlcably  Ose  qvaliiy,  43  bolls  p«r  aera  of  imparHl  R—fi  ■■■!■■ 
■aaottro,  woigblnff  5  owt.  oaeh.  upon  a  poor  aad  lirM*  alilwairli  bow  aoil,  b«u  ai 
■ore  thaa  9Sa.  per  acre.  Groat  caoiioa  ia  roqaired  la  osiof  this  uisttipe.  aa  i 
•pt  to  torn  the  eat  iota  if  Md  diroet^  opoa  thcik  A  little  oartli  akoald  bo 
twooa  tbo  eiil  pouto  and  tho  BMwim.. 


9^.  TIbe  following  ttuxtmiB  warn  nodoi,  and  lay  togethor  for  Si9e     ^, 

it  waa  aown  m  the  bottoms  of  potato  orflu  «poa  a  poor  tillv  aoiL  mA 
Wbite  Don  Potatooa,  plamod  widi  it  aoik  Apitl,  1949. 


No. 

1 
9 

S 
i 
5 
0 

7 

kcrodisala. 

Quantify  mixed 
Acre. 

Coat  or 
for 

Saw-dust.  Boatiy  fraoi  Alder. ...       ^ . . . 
Polasli  aad  Lima  mixed,  14  months  old. . .. 

Common  Baits          

Snlphaio  of  Amwiiinia                        

Riilphaleof  CM^a     ..• 

Sal^hjoe  of  Macnoala               

CoalTar,90galioBa,aaj       

ewts.  qra. 

1       9 
1       0 
0       9 
0       9 

boah. 
40 
10 

ie      a.      A. 

0      7      « 
•      9      3 
10      0 
0      3      «      ! 
0      4      •     . 
0    10      •     • 

3       9 

50 

9      7      3 

RBMAaas..~Tbo  poUloes  planted  wiih  the  aboTO  mixtura  emno  iiniekljr  laiMMB 
the  ground,  and  ware,  very  laxnriaift  in  foliare.  They  were  Hfted  15th  October*  after 
being  eat  dnwoL  by  frost  whilst  rtill  uaripe  and  growiag.  On  being  takan  w|»»  cfeey 
were  found- to  yield  a  produeeef  SObolb  of  RenfVewsbire  measure,  w^iiglilBg  5  — ^ 
oaeh,  per  acre,  of  very  fine  potatoea,  many  of  which  weixhed  from  94  to  30  «■ 

N.  B.  This  mixture,  after  hoiagpny  togethag,  fermented,  and  was  froqaaatly 
b«t  kept  dry. 
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The  •eraral  series  of  experiments  made  upon  potatoes  by  Mr. 
Fleming  are  deserving  of  careful  consideration,  and  many  of  tbem 
of  judicious  repetition.  They  are  all  well  contriFed  or  devisedf 
and  each  series  skilfully  arranged. 

In  agricultural  experiments  it  is  of  the  greatest  possible  conse- 
qnence  that  the  practical  man  should  have  a  clear  and  definite  ob* 
ject  distinctly  in  vie\v«  If  so,  bis  experiments  may  be  signally 
successful  in  his  own  estimation,  while,  economically  considereo, 
they  may  be  total  failures.  This,  as  we  have  seen,  was  to  a 
certain  extent  the  case  with  the  first  series  of  experiments  made 
upon  Lord  Blantyro's  farm,  as  above  detailed  (p.  64.)  The  ap- 
plications in  some  instances  lessened  the  crop,  but  the  result,  ne- 
vertheless, threw  consideraUo  light  upon  the  questions  which  the 
trials  were  intended  to  solve. 

In  making  an  experiment,  the  practical  farmer  ask$  ^  qvMiioin 
of  nature  ; — in  arringing  the  form  and  details  of  bis  experiment, 
he  is  pottinff  together  Uie  words  by  which  his  question  is  to  be 
expressed.  If  his  question  be  clearly  put,  nature  will  give  bim, 
sooner  or  later^  a  clear  and  distinct  answer— -if  he  have  skill 
enough  in  nature's  language  to  understand  what  she  has  said  to 
him.  I  say,  sooner  er  later,  for  it  may  be  sometimes  necessary  to 
repeat  the  question,  either  because  something  has  intervened  to 
prevent  nature,  so  to  speak,  from  hearing  his  question,— because 
it  has  not  been  accurately  efrpre8sed--^r  because  something  in 
the  seasons,  or  otherwiseb  has  prevented  her  answer  from  beinff 
clearly  understoed*— perhaps  irom  being  heard  or  read  at  alH 
Circumstances  may  even  prevent  the  answer  from  not  being  given 
until  a  second  summer  come  roundt  when^  if  we  are  on  the  alert,, 
it  may  never  be  received  at  alL 

The  above  experiments,  as  well  as  those  which  follow,  form  aa 
excellent  study  for  the  practical  farmer  in  reference  to  this  matter. 
Bvery  series  is  planned  with  a  view  to  a  given  end,  the  circum- 
stances are  carefully  noted  before,  during,  and  at  the  close  of  each 
of  the  several  trials, 'and  the  answers  are  recorded  with  a  very 
praiseworthy  degree  of  accuracy.  I  shall  place  together,  in  one 
view,  the  most  important  of  the  deductions  to  which  the  experi- 
ments of  1842  appear  to  have  led,  when  I  shall  have  laid  before 
the  reader  the  whole  of  the  tables  which  have  as  yet  been  placed 
in  nay  hands.  

C— EXPERIMENTS  UPON  BARLEY. 

The  object  of  the  following  experiments,  also  made  by  Mr.  Fle- 
ming, was  to  ascertoin  the  relative  effhsi  of  different  talim  m^ 
stances^  when  applied^  as  top^dresungi^.to  a  crop  of  white  barley. 

The  resalts,  as  shown  in  the  last  colamnt  are  sufficiently  iQr< 
teresting. 
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F.^£XPERIMENTS  UPON  PASTURE  AMD  OTHKR 

GftASSEa 

L— .Ezperiooents  made  bj  Mr.  Alexander,  at  Wellwood«  in  164i 

A.    OactfupuQtwieadomtmdryegTattkay, 

10.  One  Scots  acre  or  well-dnioed  moMy  meadow,  and  ftill  of 

Eftsi,  waatop-dreBBed  during  the  last  week  of  A|»ril,  with  1  rwL  i 
nes,  i  cwL  glaaber  Balls,  i  cwt.  of  charcoal,  all  wall  mizad  wnh 


Rbsult. — Crop  much  improved,  and  came  to  190  Ayrahire  akmea  {pt  SI 
lbs.)  per  acre.  I  may  mentioQ  that  this  meadow  satiered  geneiaily  mmk 
from  the  severe  dnnijsht ;  the  above  kept  its  growth  best. 

2^.  One  Eteots  acre  of  well-drained  mossy  meadow,  fall  of  fimodiy  ml 
was  top^ressed  during  the  last  week  of  April,  wiih  1  cwL  of  wumtrnp- 
ano,  12  boshela  of  homus,  well  mixed  with  a  quantity  of  aafaeoL  Kjbkxti. 
— Not  so  good ;  more  affected  by  drought;  crop  160  stoaea  per  acse ;  ihr 
rest  of  the  undressed  meadow  land,  en  an  average,  140  stmiies  per  acre. 

3^.  Three  acres  of  rye  grass  hay,  upon  a  eery  l^ht  aharp  m£.  was  of 
dressed  during  the  last  week  of  April,  with  3  cwt.  of  artificial  gossra,  ^ 
cwt.  of  improved  bones,  1  cwt.  of  charcoal,  all  mixed  with  a.  q«aaai7  tf 
ashes.  Rksult. — I  cannot  pronounce  that  the  hay  on  the  three  acrsswn 
increased  in  bulk ;  the  crop  was  a  light  one  in  ibe  whole  iMld,  ewiaf  a 
the  severe  drought,  and  the  very  dry  nature  of  the  soil  this  sfiaBTin,  ihav- 
lore,  gave  this  experiment  no  lair  irul.  1  would  say,  however,  that  1  bff* 
rarely  seen  such  an  appearance  of  white  clover  since  the  hay  was  eai 
aiKl  particularly  on  the  drMsed  land. 

B.    On  patiure  gross. 

Three  years'  old  lea.    The  extent  %  acres  3  roods  ScoCa  meaanra,  Aride^  * 
into  three  equal  parts,  and  the  manures  applied  during  the  last  week  of  ApniL 

No.  1.  Dressed  with  i  cwt.  of  ammoniacal  salts,  1  cwt.  of  mlphair  d 
soda  (glauber  salts.) 

No.  2.  Dressed  with  ^  cwt.  of  ammoniacal  salts,  f  cwt.  of  gtanbcrasltt. 
I  cwt  of  common  salt. 

No.  3.  Dressed  with  i  cwt.  of  ammoniacal  salts,  |  cwt.  of  gtsoiber  aabs,  i 
cwt.  of  nitrate  of  soda. 

RjcsuLTS. — Nos.  1,  3,  and  3  were  much  alike ;  in  all  the  three  oas«i 
the  vegetation  was  quickened  and  improved ;  but,  as  is  always  the  csm 
with  experiments  on  pasture,  unless  the  cattle  were  kept  off  lortbe  wiu^ 
season,  and  the  produce  cut,  it  is  not  easy  to  say  bow  £sr  the  above  t^ 

SUcation  went  to  improve  the  grass ;  but  certainly  the  small  field  dkl 
er»— for  it  pastured  fifteen  early  calves  nearly  all  the 


II.  The  following  carefully  conducted  seriea  of  experiaieot! 
were  made  by  Mr.  Fleming,  of  Barochan,  with  the  view  of  deter^ 
mining  the  reliUiue  effect  of  saline  substancea  upon  the  u>eigki  c(  {]^ 
^y  crop,  on  the  field  where  the  ezperimentaJ  wheat  of  1841  waft 
£^wn: — 
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6.-EXPERIMENT8  UPON  MIXED  CROPS. 

The  foUowiog  iaterestio^  experiment  waa  made  by  Mr.  AJex* 
ftnder,  for  the  purpose  of  Bseertaining  the  effect  ef  a  mixiun  of 
gypium  and  common  salt  upon  a  mixed  crop  <3f  oats^  keaas,  eai 
peas: — 

Result  of  an  ezperiment  upon  the  effect  of  ^peumand  coobms 
ealtt  applied  as  a  top-dressing  at  Wellwood»  Muirkirki  184^ 

iV>ur  Scotch  acres  of  strong  soil,  bordering  on  claj*  brotai  up 
from  two-jFear-old  pasture,  were  sown  with  oats,  beans,  and  peu 
(which  is  called  in  Scotland  mashkm^  and  is  a  firat-rate  fo^ 
for  dairy  stock).  They  all  came  well  up,  but  worming  and  otbei 
causes  injured  the  crop  so  much  that  I  had  serious  intenti«iw  cf 
ploughing  it  up,  and  sowiog  turnips.  Instead  of  doing  so,  I  tc9> 
dressed  the  whole  four  acres  with  the  foUowing  substances!,  weii 
pounded  and  mixed  together,  and  this  being  done  imonediaiek 
before  copious  rains,  the  mixture  was  washed  into  the  soil :— 1:^ 
cwt  gypsum  (from  Turnbull),  which,  with  carriage,  cost  6^^ : 
4  cwt.  common  salt,  which,  widi  carriage,  cost  68.  ;* — ^this  and  1? 
gypsum  IGs.    Cost  of  top-dressing,  4s.  per  acre. 

The  effect  was  like  magic  ;  the  plants  immediately  assumed  i 
deeper  green  colour,  and  grew  wonderfully,  and  this  field  tw^ 
the  leadof  all  my  other  oats,  and  when  reaped  the  field  genera'  y 
was  the  best  I  had.  Oats,  beans,  and  peas  were  all  particalar'j 
well  filled.  I  may  state  further,  that  after  the  dreesiiigr  H  stcxxi 
the  severe  drought  better  than  any  of  my  other  crops.  Wei.- 
wood  is  23  miles  from  the  sea,  and  550  feet  above  it. 

From  other  experiments  which  I  had  before  madet  bat  whicb  1 
shall  not  further  enter  on  here,  I  am  convince  that  coumion  sal: 
is  a  great  auxiliary  in  that  locality  (if  not  to  most  others  dist&et 
from  the  sea),  and  it  ought  to  be  far  more  extensively  used. 


H.— EXPERIMENTS  UPON  BEANS. 
The  following  experiments  were  made  by  Mr.  Alexander,  of 
Southbar,  at  his  farm  of  Wellwood,  in  Ayrshire,  with  the  view  g: 
ascertaining  the  relative  apparent  efl^cts  of  diflerent  saline  tc^ 
dressings  upon  beans  tU  different  periods  ftf  their  grmoih: — 

Experiments  made  at  Wellwood  upon  a  crop  of  he€ms  (13^). 

The  ground  was  manured,  previous  to  sowing,  with  15  Kms  ci 
farm-yard  dung  per  Scotch  acre,  and  the  other  manures  appllei 
when  the  beans  were  about  two  inches  high  (they  Were  sown  is 
broad-cast).  The  extent  of  ground  was  2|  acres  Scots  measure* 
divided  into  four  equal  proportions. 

No.  1.  Dressed  with  |  cwt.  of  sulphate  of  soda,  i  cwt.  of  ni- 
trate of  so<bu    RxsvLT. — The  efibct  of  the  dressing  was  seer 
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soon  afler  application  by  deepening  the  colour  of  the  plants.  The 
beans  were  deficient  in  straw,  but  remarkably  well  podded  and 
filled. 

No.  2.  Dressed  with  ^  cwt  of  sulphate  of  soda,  1  cwt  of  gyp- 
sum. Result. — More  straw  than  the  foregoing,  and  rather  oet- 
ter  crop. 

No.  d.  Dressed  with  ^  cwt.  improved  bones,  ^  cwt.  artificial 
guano,  3  bushels  of  Turnbull's  humus.  Result.  —  About  the 
same  as  No.  1. 

No.  4.  At  first  not  dressed ;  but,  in  consequence  of  being 
weakly,  was  afterwards  top-dressed  with  3  cwt  of  gypsum,  and  1 
ewt.  of  common  salt,  done  in  consequence  of  the  highly  benefi- 
cial effect  produced  on  the  four  acres  of  mashlem  crop  above 
alluded  to.  Result. — Though  done  so  late  that  the  beans  were 
already  coming  inioJUywer^  it  helped  them  muchf  and  they  ended  as 
well  as  any  of  the  above.  It  may  here  be  remarked,  that  all  the 
beans  were — particularly  for  that  high  district — heavy,  being  on 
trial  soon  after  mowing  65  to  66  Ibs^  per  bushel. 

L  Observations  upon  the  effect  of  the  top-dressings  applied  in  1841 

upon  the  crop  of  1842. 

The  following  remarks  are  quite  as  interesting  as  any  thinCT 
contained  in  the  numerous  experiments  made  this  year  at  Bare- 
chan  by  Mr.  Fleming's  skilful  overseer.  They  are,  I  believe,  the 
first  systematic  series  of  observations  of  the  kind  yet  published. 
They  are  valuable,  therefore^as  the  first  steps  in  the  line  of  pro- 
longed enervations  upon  the  same  land  made  during  successive 
seasons^  by  which  prolonged  observations  only  can  we  hope  to 
eliminate  the  ef^ct  of  our  variable  seasons,  and  to  arrive  at  true 
deductions  in  regard  to  the  kind  and  amount  of  effect  which  this 
or  that  manure  is  fitted  to  produce. 

I  do  hope  that  Mr.  Gardiner,  who  is  capable  of  observing  so 
well,  and  of  experimenting  so  accurately,  will  not  lose  the  oppor- 
tunity which  the  present  year  will  afiord  him  of  continuing  these 
important  observations  :— 

fo.  Top-dressings  upon  hay,  Covenlea  field  (see  Appendix, 
p.  27).  On  looking  over  this  field  at  different  times,  and  parti- 
eularly  early  last  springs  the  square  on  which  nitrate  of  soda  and 
bones  mixed  had  been  sown  was  earlier^  and  of  a  darker  green 
colour,  than  any  of  the  rest  of  the  field,  and  when  stocked  with 
cattle,  the  portion  top-dressed  was  more  relished,  and  oonse*^ 
quently  always  eaten  quite  bare. 

2<'.  upon  part  of  the  pleasure-ground — ^soil  a  very  stiff  blue 
clay — nitrate  of  soda  was  sown  at  3xe  rate  of  160  lbs.  per  acre. 
A/tec  this  ai^ication.  white  clover  came  up  very  thick  and  stronc^. 


■ad  It  wftB  cut  three  di^rent  tliaee  witb  tbe  Bcytle,  and  eid 
time  it  came  np  stronger  and  thicker  than  the  Borroandiog  gna, 
whilet,  hefore  dreeeing,  it  was  the  weakest,  and  this  aewn, 
184%  it  is  hetter,  and  the  portion  diessed  still  easilj  dists 
gnished. 

30.  The  field  at  Crook's  farm  (see  Appends,  p  %\  wka 
kad  been  top-dressed  with  nitrate  ^  soda,  applied  on  each  alter- 
nate rid^re,  on  being  ploughed  up  from  haj  stnbble  was  W 
tougher  upon  the  dressed  ridges,  the  grass  roots  being  BUtnigr 
tBCi  deeper  in  the  soil  of  those  ridges  which  had  been  drened. 

4<'.  At  p.  34  of  this  Appendix  an  experiment  npon  moes-oats  i 
recorded.  This  was  sown  down  with  a  mixtnre  of  gnu  1^ 
clover  seeds,  and  cut  for  hay  this  season,  1842.  In  examimij 
tbe  hay  crop  some  of  the  dressings  on  the  oats  of  last  year  seen? 
to  have  had  a  good  eSbct  on  the  hay  crop  of  this  year.  N« 
and  2  were  ttes  worst  of  any ;  No.  3  vny  little  better,  nths 
more  clover ;  No.  4  excellent,  very  thick  of  red  and  wiiite  di 
vers  and  rye-grass,  and  the  hay  was  of  a  good  qoalitv ;  No.  3 
little  better  than  Na  3,.  but  far  from  being  equal  to  No.4;N<^ 
tlie  best  of  any,  full  of  red  and  white  clovers  and  rye^grass,  u 
had  three-fouiths  more  bay  upon  it  than  all  the  otben  exc« 
No.  4 ;  No.  7  not  better  than  the  undsessed ;  Noe.  6  asd  4  pi 
sented  a  most  remarkable  appearance  compared  with  tbe  otte 
and  any  peaon.  seeing  them,  and  not  knowing  the  cbrcorDsUiii 
of  the  case,  would  have  said  that  these  two  portions  only  \ 
been  cultivated,  while  the  rest  had  been  left  in  a  state  of  niti 
After  bein^  cut  for  hay,  the  aftermath  of  these  two  portions  1 
presented  Uie  same  difference  of  appearance  in  the  sward,  1 
they  contiQue  of  a  better  coba^^  A-  F^  CUju)I5£1 


GENERAL  REMARKS  ON  THE  ABOVE  EXPERIMCN 

OF  1842. 

However  valuable  the  above  experiments  may  be,  and  howi 
interesting  the  results  to  which  somo  of  them  may  appear  to  1 
it  is  of  importatPCfr  to  bear  in  mind — 

l^.  That  they  are  the  results  only  of  a  single  season,,  and  ti 
remarkably  dry  one. 

2^.  That  they  show  the  effect  of  the  substances  employe 
certain  localities  only— the  localities  difibring  in  the  natui 
their  soil — in  their  distance  from,  and  hei^t  above,  the  sea^ 
in  the  average  fall  of  rain  to  which  they  are  subject. 

3<'.  That  the  results  are  obtained  by  trials  upon  certain  oar 
ef  each  crop  onlyf  and  may  not  be  obtained  even  on  the  same  1 


tween  the  e%cta  of  n.p«-duit  ud  tboM  of  gfnuw.  IS  cwL  pw 
■ere  of  the  fonner  gave  onl;  3}  tonB  of  turnip  bnllw^  wbita  2  ewt. 
per  acre  of  the  latter  gave  5  tons.  It  appean,  tberefote,  that  r^e- 
dait  requint  moisl  toaitker  or  axasionai  min,  tekik  gtunta,  nm  >* 
verjr  dry  teaiotu,  vnil  produce  a  eotuiJertAle  e^ect-  Thia  >■  cooau- 
tent  with  what  we  know  of  Dm ei    '  -   ' -■    . 

aa  a  mannra  on  the  arid  plaina  ol 


U.  The  next  (oar  aeries  of  esperimenta,  thoee  of  tSx.  Fleminc 
an  rich  in  reaulta  and  aaageationa. 

1°.  Limks  of  error.— The  firat  observatioii  which  a  careful  ci- 
uoioation  of  them  wiU  lead  the  reader  to  make — and  it  appear* 
to  me  to  be  a  veiy  important  one  in  reference  to  all  fnttire  ezperi- 
menta  of  this  kind — ia  suggeBted  by  the  second  series — thoae  npaa 
tarly  yelioto  turnips,  p.  68. 

la  this  series  there  are  included  two  plola  (Nog.  5  and  18),  npea 
vhich  no  manure  was  used.  Upon  one  of  these  the  produce 
amountedto  12  tons  17  cwt,  upon  the  other  to  11  tooe  6  cwt.  onlj' 
— being  a  difference  of  Ij  Ions,  or  one-eighth  of  the  whole.  Tbi« 
difference  between  two  equal  portions  of  t£e  same  field,  appanentlf 
similar  iu  coil,  could  scarcelj,  I  think,  have  been  anticipated,  aad 
ft  shows  that — ickere  the  produce  obtained  by  Oie  ^ipHcation  tf  flra 
unlike  manurei,  to  this  turnip  crop,  doei  not  differ  more  tMaH  I  ^  tear 
fer  acre,  the  tffeclscf  the  too  manures  may  be  considered  as  pr«^ 
caUy  equal — since  this  amount  of  difference  ma;  have  arisen  beta 
the  anlike  qualities  of  the  two  plots  of  land,  to  which  the  manoiea 
were  respectively  applied. 

Tbis  is  an  important  practical  rule  for  enabling  aa  to  jnd^  ac- 
curately in  regard  lo  the  true  efiect  of  the  several  mannrea  em- 
.  ployed  in  the  eeriee  of  experiments  (p.  06)  referred  to,  bot  the 
fact  itself  su^esta  also  an  important  modification  in  the  ntode  of 
conducting  all  similar  cemparative  experiments  in  fatnre. 

In  my  previously  published  SuggestionB,  I  have  recommended 
the  setting  apart  of  ow  undtea^  portion  snly  ef  the  field  en 
which  the  trials  were  made^-ccnsldering  that  the  prodoce  of  this 
portion  would  represent  the  average  fertility  ef  the  wbcde  un- 
dressed part  of  the  field.  But  these  ezperlments  of  Mr.  Pleminc 
■eem  to  show  that  this  opinion  cannot  safely  be  entertained!  It 
appears  lo  be  neceesatT,  therefore,  in  aH  future  experimenta  from 
which  accurate  deductions  are  intended  to  be  dimwn — thta  rv*  im- 
drusedflolt,  at  least,  should,  in  each  case,  be  meatured  otil,  and  their 


e  unaided  fertility  of  the  land. 
■  ■'Settvsn  L—Yat  the  clearing  ap  of  thia  pmnt,  howi 
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tnantSty  may  now  be  purchased  for  three  gnineaB,  thongb  viiea 
tlieae  ezperimenta  were  ondertaben  it  cost  £6  5s. 

It  is  no  small  matter  of  congratuJatioD,. that  this  imp<xtantrediK* 
tion  has  been  mainly  brought  about  by  the  expressioo  of  sdentific 
opinion,  and  by  the  readiness  with  which  various  persooSrinaoQie 
manufacturers  and  others*,  have  put  in  practice  the  aoggestiost 
contained  in  the  preceding  part  of  this  Appendix  (p.  38),  for  the 
formation  of  an  artificial  mixture  in  imitation  of  the  natanl  guoo. 
The  fear  of  competition  produced  its  natural  eflect  upon  Uie  Bur* 
ket,  and  led  the  importers  of  thia  substaiKe  to  content  themselTa 
with  a  smallei  profit.    It  is  to  be  hoped;  that  the  more  extended 
sale  which  has  followed  Ihe  reduction,  willleave  the  spirited  oef- 
efaants  who  first  brought  it  into  the  country  no  reason  to  t^ 
the  diminution  in  price.    The  benefits  which  the  practical  «grical. 
turist  derives  from  one  sueh  redaction  as  this  are  not  all  atfiist 
sight  perceptible.    The  demand  for  guano  has  so  greatly  lessened 
tile  call  for  rape-dust^that  it  has  alsa  fallen  in  price  fromX^o 
£5  lOsa^per  ton.    Thus  ramified  and  extended  are  tbeitEi^  ^ 
a.sinffle  chemical  investigation — or  the  publication  of  asin^leTelr 
founded  scientific  opinion. 

30.  Artificial  guano. — In  connection  with  this  subject  it  is  is- 
portent  to  ascertain  to  what  extent  the  attempts  to  manufactnrea 
substitute  for  the  natural  guano  have  been  attended  with  success 
— in  so  far  as  the  turnip  crop  is  concerned.  The  only  compai»ti« 
results  which  the  above  experiments  present  are  the  followin^- 
those  upon  Swedes  being  obtained  by  the  use  of  3  cwtofcici 
mixture,  those  upon  the  yellow  and  white  turnips  by  the  use  01^ 
cwtofeach:— 

SWEDES.         XASLT  YELLOW.  WHITI  ClOlt 

r*.  Nothinff       -       •        -  12  5  li  17  —  — 

a®.  Naturelguana     -       -  23*  8  32  &  38  1^ 

t^.  Barochan  artificial  guano  17  14  24  2  Si  10 

4^.  Tumbull'B  artificial  guano  14  11  21  4  

These  results  show  that,  when  equal  quantities  are  emplojedt 
equal  results  are  not  obtained  from  the  natural  guano  and  froo 
the  artificial  mixtures.  It  also  appears  that  Mr.  Fleming'B  mix- 
ture is  much  more  efficacious  than  that  of  Mr.  TarobulL  Tbey 
are  made  up,  with  some  modifications,,  after  the  recipe  given  in  the 
preceding  part  of  this  Appendix  (p.  38),  but  are,  no  doubt,  suscept- 
jbleof  imorovement.  It  is,  indeed,  one  of  the  indirect  benefits  which 
will  result  from  the  introduction  of  this  foreign  manare,  that  il 
will  stimulate  to  experiments,  by  which  we  shall,  no  doubt,  at  last 
successfully  imitate  it— and  will  lead,  at  the  same  time,  to  a  more 
general  and  thorough  understanding  of  the  principles  upon  which 
mixed  manures.ought  to  be  compounded,  and  of  tne  mode  d  V^ 
i^ng  thciij  with  the  g;reate8t  possible  economy.    Many  crudr 
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^rvr^'^^bich  seemed  to  jasttfy  thw  conclusion.    In  the  present 

tables  other  Ve^ults  are  exhibited,  which  favour  the  same  opiaion. 

I  place  together  here  the  results  upon  potatoes,  as  well  as  npoa 

turjiips,  for  the  purpdse  of  comparison  :^ 

Booe^diut.  Bones  in  munatic  ftdd. 
16cwC          18cwt  3cwt.  lOcwt. 

tona.  cwt.        tons.  evL  toiUL  cwt.  tsa*.  cwt. 

Swede  Tomipe       -    14    17  —    — 18    11 

White  Don  PotBtoea,   —   —  ^15  »    1&  —    — 

These  results,  the  only  ones  contained  in  our  tables  which  can 
be  compared  t<^ether,  are  both  greatly  in  favour  of  the  dissolved 
bones,  in  so  far  as  the  action  upon  the^rs^  crop  is  concerned,  k 
will  require  longer  observation  to  determine  in  which  form  the 
same  weight  of  bones  will  produce  the  more  lasting  efiects,  and 
will  be  the  more  economical  on  the  whole. 

6^.  Nitrate  of  soda. — The  efiect  of  1  cwt  of  this  salt  per  acre 
apon  the  early  yellow  turnip  is  very  remarkable  (p.  68),  havicf 
g4ven  upwards  of  27  tons  of  bulbs,  at  a  cost  of  258.  It  is  to  be 
regretted  that  no  similar  experiment  is  recorded  upon  the  other 
varieties  of  turnip  either  by  Mr.  Fleming  or  by  Mr.  Alezaoder. 
In  the  text  (Lecture  XV.,  p.  52  to  p.  62)  an  abstract  of  all  the 
published  results  hitherto  obtained  by  the  use  of  nitrate  of  soda 
will  be  found  in  a  tabulated  form. 

7®.  Lime. — An  interesting  result  in  Mr.  Flemin^*s  firrt  tahb 
may  hereafter  lead  to  some  satisfactory  experimeTtial  determisi- 
tions  of  the  points  considered  still  doubtful  in  regard  to  the  form 
ip  which,  and  the  time  when,  lime  may  be  most  efficaciously  ap- 
plied, in  reference  to  the  culture  of  particular  crops.  He  caused 
•arbonate  of  lime  and  caustic  (newly  slaked  t)  lime  to  be  sown  in 
the  drills  without  manurof  and  the  efiect  upon  the  crop  of  Swedes 
was  as  follows  :  — 


toa*. 

Soil  namanured             13  5 

Carbonate  oflime,aO  bushels       •       •       -       16  11 

Caostio  lime,          50  boahela       -       •       •       11  8 

The  immediate  eflfocti  of  lime  applied  in  these  two  forms  was 
very  different — the  caustic  lime  lessened  the  turnip  crop»  while 
the  carbonate  increased  it  by  ^  tons..  This  efiect  most  probably 
arose  from,  the  lime,  in  its  caustic  state,  taking  from  the  soil  tbe 
carbonic  and  other  oi^nic  acids  from  which  the  roots  in  the  early 
infancy  of  the  plant  would  have  derived  a  portion  of  their  nourish- 
ment, and  thus  retarding  and  stunting  their  growth.  At  all  events 
the  experiment  seems  to  indicate  that  lime  ought  to  be  in  the 
state  of  carbonate — the  mild  state— more  or  less  entirely^  if  it  is 
intended  to  benefit  the  crop  to  which  it  is  immediately  applied. 
When  mixed  with  manure,  however,  where  vegetable  matter 
aboupds  in  the  soilt^or  wher^the  lime  i9  mereJjr  harrowed  tsto  the 


Mtfaoe-^in  all  wbich  eases  it  will  i^adily  beeome^  in  a  ^^'^ 
measure,  saturated  with  carbonic  acid — the  skilfal  ..inn^r  }^:i 
understand  that  the  deduction  drawn  from  the  preceding  experi- 
ment will  not  apply* 

8^.  Rape^ust.^^The  results  exhibited  in  this  year's  experi* 
mentsi  ^enerallyii  are  not  so  favourable  to  the  employment  of  this 
substance  as  was  to  be  expected .  The  reason^  boweveiv  is^  pro^ 
bably,  that  which  has  already  been  suggested  in  discussing  the 
results  obtained  at  Lennox  liove— ^at  rt^pe^ust  requires  a  moiu 
eoil  or  occasumal  shoioers^  But  this  itself  is  an  important  probailB 
deduction.  The  reader  will  find  a  comparative  view  of  the  wfaote 
of  the  results  with  this  substance  in  the  text  (see  Lecture  XVU). 

9^.  Animal  Charcoal, — The  effect  of  animal  charcoal  upon 
Swedes  in  Mr.  Fleming's  experiments  is  only  inferior  to  that  of 
{^ano.  It  is  certainly  deserving  of  further  trials^  and  especially 
m  comparison  with  what  is  called  exhausted  animal  charcoal— that 
which  has  already  been  used  in  the  refining  of  sugar.  In  France^ 
the  latter  is  said  to  be  preferred  to  the  former,  and  to  be  sold  by 
the  sugar  refiners  at  a  higher  price  than  they  pay  for  it  in  the  re* 
cently-prepared  state. 

10<^.  Other  mixed  manures. — In  regard  to  other  mixed  ma* 
nures,  the  reader  will  find  much  practical  information  by  the  study 
especially  of  No.  8  of  Mr.  Fleming's  tables,  p.  69 ;  and  of  Nob.  1 
and  2  of  those  of  Mr.  Alexander,  p«  71.  These  are  the  more  wor- 
thy  of  the  attention  of  the  practical  man,  since  Mr.  Fleming  con* 
eiders  himself  justified  in  remarking  as  the  general  result  of  the 
experiments  in  p.  69,  that  any  of  the  mixtures  used  mil  in  his  land 
produce  an  average  crop  of  turnips  at  a  less  expense  than  farm-yard 
manure.  This  is  the  kind  of  result  which  it  ought  to  be  the  am* 
bition  of  every  practical  man  to  work  out  for  himself  upon  his  own 
land. 

ll^'.  Size  and  toeight  qf  hulbs^-^There  remains  only  one  other 
topic  in  connection  with  these  experiments  to  which  space  wiU 
permit  me  at  present  to  advert  In  the  remarks  upon  the  table 
inserted  in  p.  56,  it  is  stated  that  the  turnips  on  the  plots  dressed 
with— 

Guano  and  wood-ashes — ujere  pre^eminentfor  size  ofbvUfs. 

Sulphate  of  ammonia— 2ar^s  in  hulbt  but  stft^  and  light  in 
toeight. 

PoUsh  and  lime,  salt  and  lime^  sulphate  of  magnesia,  nitrate  of 
soda — small  in  hulb^  but  firm  and  solid. 

Bone-dust  and  the  artificial  guanos*-both  containing  bones— 
the  bulbs  firm  and  solU  but  not  remarkable  in  size. 

Now  upon  the  solidity  of  the  bulb — other  things  being  equal— 


It  may  be  presQnied  that  the  relative  nonrifihine  piopertiei  of  dif» 
feront  apeeies  of  turnip  will  materially  depenf  The  quantity  of 
water  which  difierent  specimena  of  the  same  variety  of  tnniip 
eontain  varies  from  79  to  91  per  cent — that  is,  sometumiptifthi 
Bame  species  contain  onLyfour-J^ihst  tDhile  others  conudn  ufnerii 
ff  ntne-tenlhe  <^  their  vfeight  cf  water.  In  other  worde,  the  sana 
variety  of  tmnip  may  contain  such  unlike  qoantities  of  wato^tbt 
2  tons  grown  on  one  spot  may  not  contain  more  than  1  ton  grown 
in  another.  The  to^hl  cf  hdbs^  therefore*  ia  no  safe  eriterioQ  d 
the  quantity  of  food  raiaed  on  difierent  parts  of  the  Bame  fiel^ 
where  the  general  treatment,  or  the  substancea  applied  toaidtiie 
growth,  have  heen  difbrent 

Now  in  the  above  experiments  the  guano  gave  32  tonaofffrf 
UrgCt  the  sulphate  of  ammonia  24  of  s^  and  the  nitrate  of  sodi 
27  of  nnaU  and  solid  bulbs.  It  is  probable,  therefore!  that  tin 
actual  quantity  of  food  raised  by  the  aid  of  the  nitrate  of  aoda  wm 
much  greater  than  even  by  the  natural  guano.  It  may  also  hafi 
been  that  the  14^  tons  of  solid  bulbs  given  by  the  sulphate  of 
magnesia— or  the  12^  raised  from  the  land  without  maoore  at  tli, 
may  have  contained  as  much  nutriment  as  the  24  tons  of  sq/*/  balbi 
raised  by  the  sulphate  of  ammonia* 

Suggestion  IV, — ^The  bare  possibility  of  such  a  circumstaott 
as  the  last  shows  how  little  absolute  confidence  we  can  place  is 
the  numerical  results  as  yet  obtained,  considered  asevidencetc^t^ 
greater  or  less  amount  qffoodt  which  the  use  of  this  or  that  kiod  of 
manure  will  enable  us  to  raise  from  a  given  extent  of  land.  It 
suggests,  also,  the  necessity  of  a  further  determiDatioo  of  the 
relative  quantity  of  water  contained  in  our  experimental  tomip 
crops.  This  will,  without  difficulty,  be  ejQected  by  selecting  three 
or  four  turnips  of  different  sizes  from  each  sample — cutting  a  slice 
from  either  side,  and  one  from  the  middle  of  each  tumip—veigb* 
tng  the  whole~<-drying  them,  first  in  the  air,  afterwards  before  > 
gentle  fire,  and,  lastly,  in  an  oven  so  hot  as  not  tu  broini  vbite 
paper  or  dry  flour,  and  then  weighing.  The  loss  being  the  weight 
of  the  water  in  the  turnips  will  enable  the  experimenter  to  deter- 
mine the  relative  quantities  of  food  raised  upon  his  different  plots, 
and  therefore  the  relative  value  of  his  different  applicationBoriw- 
thods  of  culture* 

In  this  suggestion  the  reader  will  perceive  another  of  those  pn* 
cautions  which  the  prosecution  of  our  experimental  inquines  ren- 
ders necessary — ^future  years  will  suggest  otherB— but  the  increice 
of  trouble  will  not  deter  the  zealous  labourer  in  this  important 
field— for  the  more  precautions  and  difficulties  multiplyi  the  greater 
the  honour  will  be  to  those  who  by  perseverance  shul  saccawu^/ 
overcome  them. 
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question  will,  no  donbt,  hereafter  lead  to  extended  teriea  of  ve 
refined  experimental  inquirieSf  from  which  not  only  moch  koo 
ledge  but  much  practical  benefit  may  be  derived. 

Suggestion  V, — It  mav  be*  for  instance*  that  a  given  variety 
potato*  tomipi  oat,  barley,  &c.»  is  more  valuable  as  food,  m 
agreeable  to  the  taste,  or  brings  a  better  price  in  the  market,  1 
by  the  ordinary  modes  of  culture  is  the  least  productive  of  th* 
generally  cultivated  It  would,  then,  be  not  only  an  intereEti 
but  an  important  economical  question  to  ask— -could  this  vari* 
be  rendered  more  productive  by  a  diflferent  mode  of  treatmen 
one  especially  adapted  to  its  own  nature  ?  Would  the  pract: 
man  not  rejoice  to  think  that  such  a  result  could  be  brought  ab 
by  the  aid  and  suggestions  of  science  1  Yet  this  is  the  result 
which  the  refined  series  of  experiments  suggested  bj  the  quest 
above  proposed  may  possibly  lead. 

May  I  venture  to  hope  that  some  of  my  more  zealons  reac 
will  be  induced,  during  the  present  or  succeeding  summer 
make  trials  of  the  relative  effects  of  the  same  saline  or  oi 
known  substances  and  mixtures  upon  dififerent  varieties  of 
same  crop— of  potatoes,  turnips,  wheat,  &c^  in  circumstai 
otherwise  equal,  in  some  such  form  as  the  following : — 


Variety  A,     \     Varifty  R      \      Vanely  C.     |     Variety  D.      \      Variety" 


6UlMi«IIC«». 
A.    I    B.    I    C. 


Aubktiiuci-a. 


JSubftlaucca. 

A.    1    B.    I    C. 


Sabktaacei. 
A.  I   B.  I  c 


BabcUDc 
A.  I  B.  I 


The  results,  if  carefully  ascertained,  are  sure  to  lead  to  goo< 
they  should  not  be  successful  at  once  in  solving  the  prcb 
above  proposed. 

S^.  Solidity  and  size  of  ike  potatoes. — Nothing  is  said  in  the 
eervations  of  tir.  Fleming,  or  his  overseer,  in  regard  to  the 
or  solidity  of  the  difibrent  varieties  of  potato,  or  of  the  dific 
aamples  of  the  same  variety  on  which  the  experiments  were  if 
Yet  in  connection  with  the  remarks  I  have  already  o^red  l 
these  qualities  of  the  turnip*  it  is  proper  to  add  that  the  d 
is  subject  to  similar  variations  in  the  proportion  of  water  iti 
tains — and,  therefore,  in  the  relative  amount  of  nourisU 
capable  of  being  afforded  by  equal  weighta  of  its  dii 
varieties.  ] 

Some  potatoes  contain  less  than  70,  others  upwards  j 
per  cent  of  water,  so  that  while  iOU  tons  of  one  samps 
give  only  20  tons  of  nourii«hment|  the  same  weight  of  a 
will  give  HO  tone,  or  one-half  more.  In  general  such  as  gi^ 
heavy  or  clay  soils,  or  such  as  are  less  ripe,  contain  thsl 
^hile  those'which  have  been  planted  upon  sandy  spots,  j 
fully  ripe,  contain  the  least  water.  But  the  effect  prodiM 
different  sstis  we  begin  sow  to  see  way  be  produced  by  dil 
metiiods  of  dressing  or  mtdkaHsig  our  crops  also.  ' 
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Sifggwtrtoft  VII — ^This  kleft  w  wcntli  iHimitng,  wen  it  only 
for  tbe  purpose  of  making  oat  the  possible  ezistenoe  of  so  impoiiait 
«  physiological  }aw — 1k>w  much  more  when  it  appeals  so  pregnut 
with  important  praetical  results  ?  But  thus  it  is  in  all  cases, 
that  the  prosecution  of  ezpertmoatal  research,  with  immediate  r^ 
forence  either  to  purely  scientific  or  to  purely  practical  nvDlts, 
ends  in  improving  and  benefitting  both  abstract  science  and  eco- 
nomical practice. 

I  am  unwilling  to  follow  out  or  to  reason  upon  this  possible 
law,  as  if  it  were  really  established  ;  but  the  possibility  of  its  truth 
appears  to  throw  light  upon  such  a  question  as  this— why  lbs  Bee^ 
must  occasionally  be  changed  if  large  crops  are  to  be  codUdoiIIj 
reaped.  One  soil  may  be  adapted  to  give  the  phmt  a  laige  suppij 
of  this  or  that  substance  in  which  the  other  soil  is  comparatiTeiy 
deficient ;  and  it  may  be  possible  to  medicate  our  ssed-corm 
while  growing,  so  as  to  give  it  the  (qualities  which  at  present  it  can 
acquire  onlv  by  a  ohauge  of  soil. 

^  thia|,  however^  can  only  be  determined  by  ezperimeBt,  and 
the^nteUigent  reader  will  not  fail  to  be  struck  with  tbe  re- 
markable richness  of  these  first  trials,  in  suggestions  to  AitoR 
carefully  conductctd  experim«9ntal  researches. 

50.  How  shotdd  saline  manum  be  a^pHed  to  ike  potato  cnf^-^ 
Ought  they  to  be  mixed  with  the  manure,  or  to  be  applied  aa  a 
top-dressing  T  Mr.  Flemming^  experiments  do  not  fuUf  aolve 
this  question  ;  because  the  soil  on  his  two  fields  was  reiy  oniike 
in  quality.  Thus  with  manure  alone,  the  one  field  prodaced  1« 
tons  15  cwt  the  other  only  6  tons  17  cwt.  per  acre.  A  perfectlj 
satisfactory  solution  of  the  question  can  be  obtained  only  by  ex- 
periments with  tbe  same  substances,  upon  the  same  soil,  and  srith 
the  same  variety  of  potata  Yet  the  experiments  now  before  ua 
add  considerably  to  our  knowledge  upon  this  points  and  anch  of 
them  as  are  capable  of  being  compared  together  are  moch  ts 
fawur  of  mixing  the  ealine  substances  ufith  the  manure,  '^^"f^ 
plied  in  nearly  equal  proportions  by  both  methods,  nitrade  of  soda, 
aulphate  of  magnesia,  and  sulphate  of  ammonia,  gave  the  foUowiBg 
results ; 

yiaST  FIVLIK  SBOOSD  riiLS- 

TupdMUMd.  ifUedwiUiMatf^ 

ton*,  cwt  toM.  cwu 

Miuiwe  akme    .  IS    15  .     8   17 

Nitrade  of  Boda  .  16     0       ...    IS     7 

Salphateof  magnenia  19     S       ...    11     7 

Sulphate  0/ ammonia  14    10       ...    13     7 

The  proportionate  increase,  therefore,  in  these  three  ca>^  *' 
greatly  in  favour  of  mixing  with  the  manure,  but  soraetbing  majr 
depend  upon  the  soil  and  season  ;  and,  therefore^  other  experi- 
ments are  necessary  beCore  wo  can  draw  a  general  conclwioo*  It 
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C.r---ne  experimenta  v^nm  ficriley. 

The  Inie  practical  value  of  the  experiraeDts  upon  barley  viD 
be  shown  by  placing  them  in  the  following  form : — 

lorreBW!.  jB   «.   d.    CMtptrbwh. 

IfitTDte  of  eoda  vUh  common  aah,     gare  5  bush  forO  17    6    —   3i.  6d- 

|ulphaie  of  coda  Willi        .        •  [    u    71  buA  for  0  15  6  -   2^  M. 

Sulphate  of  magnena,  S          .fM««*.w.  «»^ 

CiiaDO(ai25i.)          ...  "17  bufh  for  3  18  0  —   4^  74. 

ComicoD  salt,            ...  "6   bueh.  for  0    4  6  —   Oa.  ^. 

TurnbuU^t  artificial  gtumo,  "    2  bnsh.  for  1    4  0  —  ISi.  Od. 

The  cheapest  application*  without  doubt,  upon  this  soil,  is 
common  aalL  At  half  the  above  price  guano  wouM  produce 
the  barley  at  2b,  3d.  per  bushel,  and  the  larger  quantity  reaped, 
together  with  the  vsJue  of  the  straw  in  the  preparation  of 
nanure,  may  satisfy  many  that  either  guano  or  the  mixture  of 
sulphates  may  be  used  with  profit  It  is  a  further  recommeada- 
tion  of  the  common  salt  however,  that  it  produced  the  heaviest 
while  guano  produced  tbe  lightest  grain. 

From  the  experiment  with  nitrate  of  potash  no  result  caa 
fairiy  be  drawn,  in  consequence  of  the  great  drought  of  the 
season  (see  Mr.  Gardiner's  remarks.) 

I>^r~The  experiments  upon  Oais^ 

1<*.  Negative  effect  cf  saline  manures.-^The  first  of  the  tiro 
series  of  experiments  above  recorded  being  made  at  Lennox  Love 
-—like  those  made  at  tlie  same  place-  upon  turnips-^derive  their 
principal  interest  from  the  illustration  they  aflbrd  of  the  nega- 
tite  effect  of  saline  manures  upon  the  oat  crop,  under  the  infla- 
ence  of  great  heat  and  drought  I  select  the  more  simple  and 
striking  cases  of  diminution.  The  undressed  part  of  the  field 
prodioced  54  bushels  per  acre. 

Common  lalt  diminiah«d  thia  produce  by  6   bushela. 
titrate  of  soda  .       18|     — 

Sulphaio  of  Boda  .       ISik     — 

Rape-doat  ,         9       ~r 

[$oot  ..  .        12^     — 

while  2.cwt.  of  guano  laised  the  pnoduce  to  70  bushek,  being  an 
increase  of  16  bushels. 

These  insults  not  only  confirm  the  deductions  which  we  hare 
already  drawn  from  the  preceding  experiments  upon  potatoes  and 
turnipe — ^that  guano  will  act  even  in  our  driest  seascoF,  while 
rape-dust  requires  at  least  occasional  rain — but  they  go  further  in 
showiog  tb:|t,.like  the  saline  substances,  rape^dustf  and  exenuxU 
trill  materially  diminish  the  oal  crop  if  the  season  be  distinguidied 
b^f  remarkable  draught. 
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2.  Most  oats. — The  experiiMnts  vpop  tnon  oats  (p.  80)  are  a 

continuation  and  extension  of  thoce  of  1H41,  with  greater  attention 
to  accuracy  in  the  determination  of  the  produce.  The  last  column 
in  the  table  f  peaks  for  itself.  Tie  general  produce  of  the  field 
being  43  bushela  per  acre. 

locraaaek  Coct  p«r  bath. 

Sulphate  of  ammonia  gave  9  biuhela    .    .    ».    3d. 

StlSlTe'SftS*'""^  :        I      "18b».b.l.    .    .    1..    7d. 

Bones  in  muroatic  acid  *  18  buthala    .    .    la.    6d. 

Silicate  of  Potash  mixed  viih  the  above         "  22  buthela    .    .    2b.    6d. 

In  the  last  two  cases  the  straw,  which  is  usually  imferfect  in 
oats  grown  upon  the  moss  land,  was  strong  and  healthy.  It 
is  obvious,  therefore,  that  all  theee  experiments  deserve  repeti- 
tion, though  as  here  set  forth,  the  increase  of  grain  by  Nos.2  and 
3  was  obtained  at  the  least  cost,  and,  therefore,  to  the  economist, 
will  appear  most  important. 

£. — The  experiments  ujpon  Wheat* 

I.  Effect  of  Drought, — ^The  first  series,  those  made  at  Lennox 
Love,  afibrd  interesting  illustrations  of  the  effect  of  great  drought 
in  modifying  the  action  of  saline  nianuies  and  of  rape  duet,  upon 
the  wheat  crop.  The  more  prominent  results  are  distinctly 
brought  out  when  thrown  into  the  following  form.  The  produce 
of  the  undressed  part  of  the  field  being  47|  bushels  an  acre,  this 
produce  was  affected  by  the  several  substances  employed  in  Uie 
following  manner :-» 

Common  aalt 

Sulphate  of  soda 

Soot 

Nitrade  of  soda 

Rape  dust 

Guano 

Thus,  the  nitrate  of  soda  and  the  soot  did  no  harm,  though  the 
drought  did  not  permit  them  to  do  any  good.  Common  salt 
slightly,  and  sulphate  of  soda  largely  dimiuishea  the  crop  of  grain 
—while  of  these  four  substances  the  sulphate  was  the  only  one 
which  diminished  the  yield  wf  straw.  Nitrate  of  soda  and  soot 
largely  increased  it 

On  the  other  hand,  (ruano  slightly  increased  the  yield  of  grain, 
and  rape-duBt  added  3^  bushels  to  the  natural  produce,  both  also 
augmenting  the  weight  of  the  straw  by  about  one-tenth  of  the 
wlK>le. 

In  this  case,  then,  the  rnpe-dust  surpassed  in  beneficial  efiect 
the  natural  guaai^  though^  aa  we-  have  already  seen,  it  proved 
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lacrssss 

p«r  Acre. 
U  bush. 

p«r  Acrs. 

1  cwt. 

— • 

1  cwt 

9ibush. 

— . 

.      32  bosh. 

slighL 

"-*• 

1  cwt. 

slight. 

16  cwt. 

^^* 

3*  bttsb. 

8  cwt. 

^^^ 

Ibnsh. 

%;v^-»^v«hifth  seemed  to  justiiy  ihia  conclusion.    In  the  preseot 

tables  other  i^e^ults  are  ezhibitedt  which  favour  the  same  opinioa. 

I  place  together  here  the  results  upon  potatoes,  as  well  as  upoa 

tttrjiipsi  for  the  piupdee  of  oomparisoo : — 

Booe-^iiut.  Bones  in  munatic  acid. 
Newt.          ISewt.  3cwt.  lOcwL 

tons.  cirt.        tona.  cwt.  toot.  ewt.         Coas.  cvt. 

Swede  Turnip*       -    14    17  —    — Id    11 

White  Don  I^)t•lo«^ 9    l^  IS    IS 

These  results,  the  only  ones  contained  in  our  tables  which  can 
be  con^red  together,  are  both  greatly  in  favour  of  the  dissolved 
bones,  in  so  far  as  the  action  upon  the  first  crop  is  concerned.  It 
will  require  longer  observation  to  determine  in  which  form  tbt 
same  weight  of  bones  will  produce  the  more  lasting  efiects,  and 
will  be  the  more  economical  on  the  whole. 

6^.  NUraU  of  soda. — The  effect  of  1  cwt  of  this  salt  per  acre 
upon  the  early  yellow  turnip  is  very  remarkable*  (p.  68),  havinf 
given  upwards  of  27  tons  of  bulbs,  at  a  cost  of  25s.  It  is  to  ke 
regretted  that  no  similar  experiment  is  Ktcorded  upon  the  other 
varieties  of  turnip  either  by  Mr.  Fleming  or  by  Mr.  Alexander. 
In  the  text  (Lecture  X  V.^  p.  &2-  to  p.  62)  an  abstract  of  all  the 
published  results  hitherto  obtained  by  the  use  of  nitrate  of  sods 
will  be  found  in  a  tabulated  form. 

7^.  Lime, — An  interesting  result  in  Mr.  Fleming'e  first  table 
may  hereafter  lead  to  some  satisfactory  experimental  determina. 
tions  of  the  points  considered  still  doubtful  in  regard  to  the  form 
ip  which,  and  the  time  when,  lime  may  be  most  efficaciously  ap- 
plied, in  reference  to  the  culture  of  particular  crops.  He  caused 
earbonate  of  lime  and  caostic  (newly  slaked  1)  lime  to  be  sown  in 
the  drills  without  manure^  and  the  effect  upon  the  crop  of  Swedes 
was  as  follows  :  — 


Soil  nnmanured  13      5 

Carbonate  of  lime,  20  bushels       -       •       -       16    11 
Caiutic  lime,  SObuahela       -       -       -       11      8 

The  immediate  effects  of  lime  applied  in  these  two  fbrme 
very  different — the  caustic  lime  lessened  the  turnip  crop^  while 
the  carbonate  increased  it  by  4(.  tons..  This  efiect  meet  pjobabij 
arose  frookthe  lime,  in  its  caustic  state,  taking  from  the  soil  the 
carbonic  and  other  oiganic  acids  from  which  the  roots  in  the  earJ j 
infancy  of  the  plant  would  have  derived  a  portion  of  their  nourish- 
ment, and  thus  retarding  and  stunting  their  growth.  At  all  evea*^ 
the  experiment  seems  to  indicate  that  lime  ought  to  be  in  the 
state  of  carbonate — the  mild  state— more  or  less  entirely*,  if  it  is 
intended  to  benefit  the  crop  to  which  it  is  immediately  a|^lted. 
When  mixed  with  manure,  however,  where  vegetable  matter 
abounds  in  the  soilt.  or  where  tjie  lim^  i9  merely  harrowed  into  the 
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«tiirface^-<^in  all  which  eases  it  will  i^adlly  beeomet  in  "a  't^^ 
measure*  saturated  with  carbonic  acid—the  slcilfal  ..irm«.f  h.  i 
understand  that  the  deduction  drawn  from  the  preceding  expefi- 
raent  will  not  apply. 

8^.  Rape-dusC^^^The  results  exhibited  in  this  year's  expert* 
ments,  generally^  are  not  so  favourable  to  the  employment  of  this 
substance  as  was  to  be  expected.  The  reaeon^  boweveiv  is^  prob 
bably,  that  which  has  already  been  suggested  in  discussing  thtt 
results  obtained  at  Lennox  Love— «that  rape^ust  requires  a  moiu 
eoil  er  eccatwwal  showere^  But  this  itself  is  an  important  frchdbU 
deduction.  The  reader  will  find  a  comparative  view  of  the  whole 
of  the  results  with  this  substance  in  the  text  (see  Lecture  XVII). 

9^,  Animal  Charcoal. — The  ^^SocX  of  animal  charcoal  upon 
Swedes  in  Mr.  Fleming's  experiments  is  only  iufertor  to  that  of 
^ano.  It  is  certainly  deserving  of  further  trials^  and  especially 
m  comparison  with  what  is  called  exhausted  animal  charcoal— •that 
which  has  already  been  used  in  the  refining  of  suffar.  In  France* 
the  latter  is  said  to  be  preferred  to  the  former,  and  to  be  sold  by 
the  sugar  refiners  at  a  higher  price  than  they  pay  for  it  in  the  re^ 
cently-prepared  state. 

10^.  Other  mixed  manures. — In  regard  to  other  mixed  ma« 
nures,  the  reader  will  find  much  practical  information  by  the  study 
especially  of  No.  3  of  Mr.  Fleming's  tables,  p.  69 ;  and  of  Nos.  1 
and  2  of  those  of  Mr.  Alexander,  p.  71.  These  are  the  more  wor- 
thy of  the  attention  of  the  practical  man,  since  Mr.  Fleming  con- 
siders himself  justified  in  remarking  as  the  general  result  of  the 
experiments  in  p.  69,  that  any  of  the  mixtures  used  unU  in  kis  land 
prodwean  average  crop  (^turnips  at  a  less  expense  than  farm-yard 
manure.  This  is  the  kind  of  result  which  it  ought  to  be  the  am« 
bition  of  every  practical  man  to  work  out  for  himself  upon  bis  own 
land. 

11^.  Size  and  ^oeighl  cf  &tt2&9.— ^There  remains  only  one  other 
topic  in  connection  with  these  experiments  to  which  space  will 
permit  me  at  present  to  advert  In  the  remarks  upon  the  table 
inserted  in  p.  56,  it  is  stated  that  the  turnips  on  the  plots  dressed 
with— 

Guano  and  wood-ashes — were  pre-emineni  for  siase  of  bulbs. 

Sulphate  of  ammonia — large  in  bulb^  hut  sqft^  and  light  in 
weight. 

Potash  and  lime,  salt  and  lime^  sulphate  of  magnesia,  nitrate  of 
soda — small  in  hulb^  hut  firm  and  solid. 

Bone-dust  and  the  artificial  guanos — both  containing  bonee— 
the  bulbs  firm  and  solids  but  not  remarkable  in  sixe. 

Now  upon  the  solidity  of  the  bulb— other  things  being  equal— 
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resoltfl  of  some  other  expert meoters  ;  but  it  does  not  agree  witk 
Mr.  Fletning'fl  observations  upon  the  wheat  of  IMl,  nor  vitii 
those  of  Mr.  Burnet  for  184*^  and  therefore  cannot  yet  be  ooas:- 
dered  as  a  nnirersal  consequeDce  of  the  application  of  this  ssb- 
stance  as  a  top-dressing. 

III.  The  experiments  of  Mr.  Bamet,  of  Gadc-iitb,  have  already 
been  partially  detailed  in  the  text  (Lecture  XVf .,  Part  UU  p-  92), 
and  their  yalue  explafned.  They  are  importaoty  chiefly,  ae  i^wisg; 

1^.  Economical  mixtures, — That  mixturee  can  be  prepared 
which«  upon  some  soils,  surpass  guano  in  efficacy  and  in  ecoooni- 
eal  valoei  at  its  former  price.  The  price  being  now  reduced,  other 
experiments  are  required,  yet  still  the  less  effect  of  mano  upoo 
the  wheat  crop  is  in  accordance  with  the  results  of  Lora  Blantyre. 
A  wet  season,  however,  may  alter  the  numerical  relation  which 
these  results  exhibit  It  will  be  observed  that  here  aJ^  Torc- 
buli's  guano  produced  no  sensible  efl^t 

2^  Effeci  of  soda. — The  efficacy  of  the  salts  of  soda,  whether 
the  sulphate,  the  nitrate,  or  common  salt,  upon  Mr.  Burnet's  hai, 
are  also  very  striking,  half  a  hundred  weis^t  per  acre  of  either 
producing  an  additional  increase  of  about  10  bushels  of  grain. 

3<>.  Yield  of  fiouT, — ^Into  his  tabulated  results  Mr.  Bamet  hii 
introduced  a  new  element,  and  as  it  seems  to  me  an  importaat 
one  in  an  economical  point  of  view,  namely,  /&«  quantiUf  tf  /at 
/lour  yielded  by  equal  u/eights  of  the  several  samptew  cf  grean.  T%e 
differences  presented  in  this  column  are  very  striking.  Thus  100 
lbs.  of  the  grain  reaped  from  the  plot  which  was 

CJndrMMd  gnve  ....  76|lb«.  of  fiiM  floor. 

DratMd  wiui  gaano  •  •  •  63f  Iba.  — 

With  tnlphate  of  ammonia        ...  d6|  lbs.  — 

With  tulphate  of  ammonia  add  nitnia  of  loda  54|  Iba.  — 

It  would  be  interesting  to  learn  from  an  experienced  miller  to 
what  extent  such  differences  affect  the  money  value  of  tlie  graia 
to  the  manufacturer  of  flour. 

AP,  Amount  of  ^luien, — Through  the  anxiety  of  Mr.  Bamet 
to  draw  as  much  mformation  as  possible  from  his  excellent  ex- 
periments, I  am  able  to  present  another  feature  in  regard  to  the 
action  of  these  saline  and  other  substances  vpon  the  quaHty  ol  the 
produce. 

It  is  known  that  the  quantity  of  gluten  contained  in  difierent 
samples  of  flour  is  very  unlike^  and  that  the  nutritive  property  of 
the  flour  depends,  to  a  certain  extent,  upon  this  quantity  of  gla* 
ten.  Ii  has  also  been  stated,  as  the  result  of  experiment,  that  the 
grain  which  is  raised  by  means  of  manure  containing  the  largest 
quantity  of  nitrogen  Is  also  the  richest  in  gluten.  With  a  view  to 
these  questionsi  Mr.  Burnet  transmitted  to  me  a  pound  of  each  of 
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the  sampkf  of  flonry  (see  Appendiz»  p.  8),  and  Dpon  ezaainfttioB 

I  found  them  to  contain  the  following  proportions  of  glnten  :— 

Water  per  cent    Qluteo  per  eeat. 
No.  1.  No  application    -  .  -  -    16*3  -  9*4 

8.  Guano  and  wood-athea  •  -    16*15         -  9-3 

3.  Artificial  guano  and  do.  -  -    168  -  9*6 

4.  finlphato  of  ammonia  and  do.  •  •    16*4  10  5 
&  Do.  do.  and  sulpluite  of  soda    -           •    15*7           •  9  7 

6.  Do.  do.  and  common  aaH  •  •    15^  -  9*6 

7.  0o.  do.  and  nitrate  of  aoda     •  -    16*4  •         10^ 

8.  Tumboira  gnano^  gypinm,  and  wood  >     m^  ^ ^ 

aanaa  •  «  »  % 

These  results  are  not  without  their  interest*  for  though  they  do 
not  show  any  striking  difference  in  the  per-centsge  of  gluten,  yet 
upon  the  whole  the  result  is  in  favour  of  those  samples  to  which 
the  sulphate  of  ammonia*  had  been  applied.  One  of  these,  No.  4| 
exceeded  the  undressed  grain  by  about  one  per  cent.,  or  one-ninth 
of  the  whole  gluten  it  contained.  Were  the  amount  of  this  gluten 
€ihne  therefore  to  determine  the  feeding  quality  of  the  grain,  this 
sample  might  be  considered  as  considerably  the  most  nutritious. 
But  besides  the  relative  proportions  of  fine  flour  which  they  severally 
yielded,  there  are  other  iinportant  considerations  which  bear  upon 
this  question,  and  must  influence  our  judgment  These  ccmside- 
rations  it  would  be  out  of  place  to  present  among  the  present  ob» 
servations.  They  will  be  found  stated  in  the  text  of  the  Lectureffi 
when  in  Part  iV.  we  come  to  treat  of  the  composition  of  wheat 
and  other  varieties  of  grain — and  of  theur  respective  values  in  the 
feeding  of  man  and  otl^r  animals. 

F.—  The  experimetUs  upon  Gfrois. 

I.  The  experiments  of  Mr.  Alexander  are  not  very  remarkable 
or  conclusive.  The  meadow,  which  was  drained  moss  full  of 
timothy  grass,  ^ve  naturally  1  ton  4  cwt.  of  hay,  whereas  the 
one  dressing  raised  the  produce  to  1  ton  8  cwt,  the  other  to  1  ton 
]  1  cwt,  per  imperial  acre.    I'he  cost  is  not  stated. 

II.  But  those  of  Mr.  Fleming  are  very  interesting.  By  referring 
to  page  26,  of  this  Appendix,  it  will  be  seen  that  in  1841  Mr. 
Fleming  obtained  a  greatly  increased  produce  of  hay  by  the  use 
of  nitrate  of  soda.  iJe  informs  me  that  in  making  the  present  ex- 
periments he  was  desirous  of  a^ain  testing  the  efficacy  of  this  salt 
upon  grass,  on  the  same  kind  ojland^  and  of  comparing  it  with  that 
produced  by  other  saline  substances.  lie  selected  also  a  portion 
of  the  same  field,  on  another  part  of  which  the  trials  upon  wheat 
had  been  made  in  1841  (see  Appendix,  p.  30),  with  the  view  of 

*  It  will  be  boms  fai  mind  that  thia  is  TambiiU*s  iolphate  of  smmnnia, 
alfMHly  adTWlsd  lo  in  page  9S  of  this 
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Mcertaifiiog:  if  any  analoiry  could  be  traced  or  dHlbreiiee  detected, 
hHween  their  action  in  184 1  upon  wkeai^  and  their  effieci  in  1BC2  en 
sown  groMCB — rye-grasp)  timothy,  and  red  clover.  Both  oligecti 
bave  been  in  eoine  measure  attained.  I  shall  first  present  a 
mar/  of  the  redults. 

or  HAT  locraaaa.  On 

font.  €«t.  UmM^cwtm  Hum  evt. 

The  undresged  toil  produced       18  -  —    —  -  OS 

Sulphate  of  mmIa,  3  cwu      -18  -  —    —  -  —   — 

Mitniie  of  aoda.  14  cwU       -8    10  -  18  >  —   — 

Sulphmte  of  »oaa,  1  cwt          {17  -         -  01 

Nitrate  of  eoda,  t  cwt,  ) 

Ciminion  tnlt,  3  cwt.            -16  -  —    —  -  08 

Comnon  lalt,  8  cwt      -        )  «    10  a      ^                    

Soot,  16  both.         -       .        J  1    »  •  *»      *  *  ~ 

Sulphate  of  amraoDie,  1  cwt.      113  •  05  -  —   ^ 

Guano,  U  cwu       ---118  -  0    10  -  —   — 

A  mixture  of  silicate  of  potash  with  grypgam  produced  do  eeoB- 
ble  effect,  neither  did  TurobuU's  artificial  guana 

io.  In  this  repetition  of  his  experiment,  therefore*  the  nitrate  of 
soda  on  similar  land  again  increased  greatly  the  produce  of  bay- 
giving,  at  the  first  cutting,  an  excess  of  upwards  of  I  ton,  at  t 
cost  of  80s. 

2*.  But  on  comparing  this  action  of  the  nitrate  upon  grass  with 
its  action  in  the  same  field  the  previous  year  upon  wheat — ^wefiod 
that  though  it  considerably  increased  the  crop  of  wheat,  yet  eveiy 
additional  bushel  raised  cost  12s.  6d.  as  the  price  of  the  nitrais 
,added  to  the  land  (Appendix,  p.  31).  It  appears,  therefore,  that 
upon  $oiU  where  the  nitrate  will  not  pay  when  emptied  €0  tsbesl  it 
m/^  yet  pay  well  u^ien  applied  to  grass. 

30.  Again,  we  find  above  that  3  ewU  of  common  salt  IcBaencd  ia 
a  slight  degree  the  crop  of  hay,  while,  in  1841,  1^  cwt  increwed 
considerably  the  produce  of  wheat,  in  the  same  field — the  additioiial 

frain  reaped  from  the  salted  portion  costing  only  8d.  a  basfael  (p. 
I).  It  would  appear,  therefore,  that  on  soils  uihtre  cmmmon  asir 
can  be  profitably  used  upon  wheat  it  may  do  ifi;ury  upon  ft«y-  Tlie 
only  circumstance  that  renders  this  deduction  less  safe  iv,  that  9 
cwt.  of  salt  per  acre  were  applied  to  the  grass,  which  may  bave 
been  Uto  much  considering  the  dryness  of  the  season. 

4<>.  The  latter  remark  applies  also  to  the  sulphate  of  soda  whick 
was  laid  on  at  the  rate  of  3  cwt  per  acre.  A  less  addition  might 
poFsibly  have  aided  the  crop.  Yet  the  negative  influence  of  this 
salt  seems  great,  since  1^  cwt  of  nitrate — itself  tending  to  increese 
the  crop — was  unable  eutirely  to  overcome  tbe  diminishing  ioAo- 
ence  of  1  cwt  of  sulphate. 

But  the  reason  of  this  apparent  inefficiency  of  the  nitrate*  wl 
mixed  with  the  sulphate,  is  in  some  measufe  explained  by  the 
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n vkable  fact  that  on  both  of  the  patches  to  whieh  the  sulphate  cf 
soda  was  applied^-'the  gnus  thai  came  up  consisted  ahnost  entirelf 
of  red  fescue  (FeetacsLRuhm),  though  rye  grass^  timothy^  and  red 
cloveTf  were  the  only  grasses  sown*  The  snlphatei  therefore,  mast 
first  have  checked  or  entirely  destroyed  the  grasses  which  had 
already  sprung  up,  and  then  have  incited  the  dormant  seeds  of 
fescue  to  germinate,  before  the  fertilizing  agency  of  the  nitrate 
could  come  into  play. 

This  efibct  of  the  sulphate,  should  it  be  confirmed  by  later  ex- 
periments, will  establish  the  important  theoretical  principle,  thait 
those  substances  which,  when  present  in  the  soil,  will  destroy 
some  of  our  cultivated  grasses,  will  encourage  the  growth  of  others ; 
and  the  no  less  important  practical  truth,  that  saline  substances 
exercise  such  a  special  action  on  the  several  crops  we  grow,  that 
we  may  hope  to  discover  the  means  of  aiding  the  growth  cf  the 
one  or  the  other  at  pleasure^  and  it  may  be  at  little  cost. 

Suggestion  JX — It  is  to  be  recollected  that  in  the  case  of  Mr. 
Fleming's  field  it  may  have  accidentally  happened  that  the  seeds 
of  the  fescue  particularly  abounded  in  those  plots  to  which  the 
sulphate  was  applied,  with  every  disposition,  therefore,  to  ad* 
vance  as  rapidly  as  we  possibly  can,  I  think  it  better  to  suspend 
our  judgment  upon  this  point,  until  the  following  two  series  of 
experiments  shall  have  been  made  in  two  or  three  dififerent  lo- 
calities : — 

a.  By  top-dressing  any  of  the  ordinary  grasses  sown — exclu- 
ding the  fescues — on  four  or  more  plots,  with  ^  cwt,  1  cwt,  2  cwt, 
and  3  cwt  of  sulphate  of  soda  respectively,  and  marking  the  kind 
of  grasses  that  most  abundantly  spring. 

h.  By  sowing  half  an  acre  of  one  or  more  of  the  fescues,  and  es- 
pecially the  Ruhra^  and  noting  the  eflfect  of  the  sulphate  applied 
in  similar  proportions  upon  as  many  patches  as  before. 

These  experiments,  it  is  obvious,  would  be  rendered  more  in- 
teresting were  nitrate  of  soda,  alone  and  mixed  with  the  sulphate, 
tried  on  other  plots,  and  on  both  varieties  of  grass.  I  trust  Mr. 
Fleming,  whose  educated  eye  enabled  him  to  detect  the  interest- 
ing feet  in  question,  may  be  induced  himself  to  prosecute  the  sub- 
jeet  by  further  experiments. 

5®.  Suggestion  X. — We  have  already  seen  in  the  above  joint 
action  of  the  nitrate  and  sulphate,  another  illustration  of  the  kind 
of  straggle  we  may  suppose  to  go  on  between  substances  tending 
reepectively,  the  one  to  increase,  the  other  to  diminish  the  produce* 
InUie  joint  action  of  the  common  salt  and  the  soot  when  applied 
together,  we  have  atother  instance  of  the  same  kind— -an  increase 
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(Rf  4  cwt  only  being  caused  by  the  application  of  16  bmbehof 
eoot,  when  counteracted  by  an  admixture  of  2  cwt  of  common  sah. 
Applied  alone  the  increase  of  produce  would  probably  have  been 
ffreater.  Will  any  one  undertake  experiments  with  a  Tjew  of 
farther  bringing  out  this  interesting  mutuaUy-counteracdng  in- 
fluence of  diffisrent  applications ! 

6^.  I  can  onlv  call  attention  to  the  large  yield  of  hay  natonllf 
obtained  from  that  part  of  the  field  on  which  barley  dress»l  vith 
bone-dust  in  1841  had  previously  grown :  Mr.  Fieming  infaros 
me  that  no  sensible  difference  in  the  produce  of  hay  was  obiefTed 
between  the  undressed  part  of  the  field  and  that  upon  vhieh  tk 
dressed  wheat  had  grown  in  1841,  though  the  crop  was  not  set 
apart  or  weighed,  as  we  might  wish  it  to  have  been. 

III.  Since  the  preceding  experiments  went  to  presst  I  ba?e  le- 
ceived  the  following  short  notice  of  trials  upon  hay  made  by  Kr< 
Campbell,  of  Islay: 

*Mt  is  very  difficult  to  get  the  tenants  in  our  wild  put  d 
the  world  to  expend  money  in  the  purchase  of  foreign  substanee^ 
however  beneficial ;  and  for  this  reason  I  have  been  indoced  te 
tnr  the  substances  mentioned  below,  because,  with  the  cxcefAka 
of  sulphuric  acid,  the  others  are  to  be  got  in  abundance  io  ^ 
island— -the  pigeons'  dung  may  be  got  in  large  quaotities  ia  tk 
caves,  sea-ware  on  the  shore,  and  lime  is  abundant  and  ezcelieo^ 
in  quality.    The  experiment  was  made  thus  : — 


r 


1. 

Nothittf. 


WetfTht  io  liw. 
Freah  cut.  |     Dry. 
S40  19§ 


2. 
PigttOD  Danf . 


I  3. 

Sea-ware,  Lime,  aad 
I     Sulphuric  Acid. 


Weight  in  Ibi. 
Preah  cut  |     Dry. 
318        I     S75 


Weight  in  Ibe. 
Fresh  cut.  I     Dry. 
3U6  £69 


UaieaadSel|ifcair 
Acid. 


Weitht  ia  i^ 
Fveek  c«L|  Pr?  . 


1.  A  field  of  about  ten  acres  lately  improved  from  heather,  «tf 
chosen  ;  the  field  was  well  drained  and  deep  plougbedt  bo  as  t» 
raise  the  subsoil  (red  loam)  with  the  moss.  On  its  surface  tk 
grass  was  sown  down  with  oats-^  cwt.  of  each  subst&ooe  v»i 
used  to  the  acre.  Eighty  yards  square  were  carefully  measnred 
from  the  centre  of  each  variety,  and  weighed  the  day  th^  veie 
cut,  and  again  on  the  day  they  were  put  into  staclc.  The  bty 
was  fully  ripe  when  cut 

2.  The  pigeon  dung,  which  looks  like  peat-dust,  was  laid  oa 
exactly  as  it  was  taken  from  the  cave. 

3.  One  ton  of  lime-sheik  was  mixed  with  12  tooa  of  fiesfa  en- 
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ware ;  after  being  tviee  turned  the  whole  of  the  sea-ware  wm 
consumed,  leaving  only  small  black  particles  mixed  with  the  lime: 
the  bulk  was  reduced  to  five  large  carts  (not  weighed)  ;  4  gall*, 
sulphuric  acid,  mixed  with  400  galls,  of  water,  were  added  to  the 
powder — a  violent  fermentation  took  place,  and  the  bulk  was  fur- 
ther reduced  about  an  eighth. 

4.  A  ton  of  lime-shells  was  prepared  according  to  your  recom- 
mendation— slaking  the  lime  with  the  dilute  acid. 

N.  B.  One  measure  of  this  lime  in  shells  gives  three  and  a  half 
in  powder." 

G. — The  experimenU  upon  Mixed  Crope, 

Mr.  Alexander's  experiments  upon  a  field  of  mixed  oats,  beans, 
and  peas,  is  very  deserving  of  notice,  and  will,  I  have  no  doubt| 
be  repeated.  Not  only  did  the  mixture  of  eypsum  and  common 
salt  increase  the  ultimate  produce — but,  as  Mr.  Alexander  says,  U 
etctedlike  magic — imparting  life  and  vigour  to  an  apparently  dying 
and  worthless  crop. 

H,— T/be  experiments  upon  Beans. 

I.  The  principal  fact  of  importance  in  the  experiments  of  Mr. 
Alexander  is,  tne  effect  he  found  his  mixture  of  gypsum  and 
common  salt  to  produce  upon  the  beans  even  when  already  in 

flower.  This  is  another  of  those  new  and  practically  valuable 
observations  which,  year  to  year,  are  sure  to  present  themselves 
to  our  observing  experimenters  as  their  inductive  researches  are 
continued. 

II.  I  am  happy  in  being  able  to  introduce  here,  though  it 
reached  me  too  late  for  insertion  among  the  other  tables,  the 
following  digest  of  results  upon  befans,  obtained  upon  Lord 
Blantyre's  farm  at  Lennox  Love.  The  object  of  them  was  to  as* 
certain  the  relative  effect  of  certain  saline  manures^  and  cf  rape-dustf 
andgiLono,  upon  heans^  after  a  crop  of  oats. 
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The  produce  of  the  undiessed  part  amounted  in  the  above  ex- 
periment to  29^  bushels,  and  it  is  remarkable — 

1°,  That  the  soot  alone  caused  a  sensible  diminution  of  the  gross 
produce,  and  alone  did  not  lessen  the  proportion  of  peas. 

.2^.  Although  the  season  was  so  dry  the  sulphate  of  soda  gave  a 
larger  increase  thkn  was  obtained  by  the  addition  of  twice  its  own 
weight  of  guano. 

S°.  That  an  admixture  of  half  its  weight  of  nitrate  with  the  sul- 
phate of  soda  did  not  increase  the  produce  bevond  that  of  an  equal 
weight  of  sulphate  alone.  This  is  different  n-om  the  action  of  the 
latler  salt  in  the  case  of  the  other  grain  crops  and  of  potatoes. 

4^.  That  1  cwt.  of  sulphate  of  soda  produce  as  ffreat  an  effect 
as  16  cwt  of  rape-dust — tne  quantity  of  grain  reaped  from  both  ap- 
plications being  very  nearly  the  same. 

Suggestion  XL — These  striking  effects  of  the  sulphate  ulti- 
mate^ took  place,  although  when  nrst  applied  to  the  young  plants 
it  burned  and  blackened  their  leaves.  I  trust  that  these  results 
will  also  be  tested  by  repetitions  in  other  years — less  droughty,  it 
is  to  be  hoped — and  in  other  parts  of  the  country.  For  the  sulphate 
of  soda  Mr.  Alexander's  experiment  seems  to  say  that  gypsum, 
which  is  still  cheaper,  may  be  economically  substituted. 

&^.  It  will  be  seen  that  guano  upon  this  crop,  as  upon  the  wheat 
already  noticed  (p.  103),  was  less  successful  than  some  of  the  other 
substances  employed. 

Conclusion. — Upon  the  observations  of  Mr.  Gardiner  in  regard 
to  the  effect  of  the  dressings  of  1841  upon  the  crop  of  1842, 1  have 
nothing  to  add  to  the  remarks  I  have  already  made  (p.  87)  upon 
thier  importance,  and  upon  the  good  that  must  follow  from  continu- 
ing them.  But  in  concluding  these  observations,  the  reader  will 
please  to  recollect  that  I  have  adverted  to  those  points  only,  in  the 
above  tables  of  results,  which  appeared  to  myself  most  important 
There  are  many  other  points  to  which  by  a  careful  study  of  the  ta- 
ble his  attention  will  naturally  be  drawn.  He  will  consider  the 
observations  themselves  also,  as  only  so  many  gropings  after  truth. 
The  present  state  of  our  experimental  inquiries  can  scarcely  be 
supposed  as  yet  to  give  us  more  than  a  glimpse  here  and  there  of 
the  true  light  Like  a  man  who  finds  himself  in  a  dark  dungeon, 
we  are  peering  through  the  comparative  gloom  of  our  prison  house 
in  the  hope  of  finding  some  mode  of  escape  into  the  upper  day. 
Like  him  we  may  be  long  in  discovering  the  true  outlet,  and  the 
passage  upwards  may  be  narrow  and  intricate ; — but  the  same 
conviction  which  will  give  him  safety,  will  ultimately  lead  us  also 
to  the  light — ^that  he  who  persists  in  trying — ^marking  and  recol- 
lecting every  turnin&r  he  has  explcnred — may  at  length  escape ;  but 
that  be  who  sits  still,  in  indifierence,  or  gives  up  his  quest  in  de« 
spair,  is  sure  to  die  in  the  darkness. 

88* 
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N«.  IX. 

ADDITIONAL  XXFERHfENTS  DT  FBACXBCAL  AGElCUITUBlf 

HADE  IN   1842. 

The  following  experiments  were  made  at  Erskine,  in  Resfisv- 
fhlre  upon  the  Home  Farm  of  Lord  Blantjre : — 

BIxFERiMENT  l.^-^Pototo  Ools^  after  M  grass. 

The  soil  was  variable,  chiefly  good  loam,  resting  oo  a  mbnl 
partly  gravel  and  partly  sand.  The  field*  bavine  been  Icof  va  pK- 
ture,  in  many  places  very  wett  was  drained  in  November  ind  De* 
cember,  1841 ;  ploughed  soon  after,  and  sown  with  oats  ob  tk  M 
of  April  The  manures  were  applied  on  the  15th  of  April,  ui 
harrowed  in  with  a  single  stroke  of  the  harrows.  One-fowiktfn 
imperial  acre  being  previoiLsly  tneasured  ^for  each  fioU 

According  to  notes  taken  of  the  appearance  of  the  crop  ta 
time  to  time— 

May  23.— The  nitrate  of  soda  (No.  1)  looking  darker  in  ooloo 
than  any  of  the  other  plots ;  next  to  it,  in  point  of  colour,  the  i»> 
reign  guano  (No.  5}  seems  best ;  then  the  soot  (No.  9) ;  tkes  the 
sulphate  of  ammonia  (No.  2) ;  cannot,  however,  discern  toy  W7 
decided  difierence  in  the  appearance  of  the  othefs. 

May  30. — There  appears  a  slight  di&rence  in  iavonrof  illtk 
applications  in  the  order  above  stated,  the  sulphate  of  soda  (Nal) 
pale  in  colour. 

June  28. — Appearance  same  as  on  30th  May. 

The  crop  was  cut  19th  and  20th  of  August  and  thrashed  from  ^ 
stook  on  the  7th  of  September ;  the  results  carefully  asceitaiMi 
the  grain  by  weight  and  measure ;  the  straw  by  weight,  as  it cme 
from  the  thrashing-machine ;  no  account  taken  of  the  chaff 

RESULTS  OF  EXPERIMENT  I. — OATS. 


No. 


I 

9 

3 
4 

9 


AppiicfttioM. 


1^ 

•J 


WMl    of 
ppliea* 
tion  on  i 
ofanaere. 


8 
9 


C  Nitrate  of  Soda, 
\     98iba.    .    . 

Sulphatoof  An- 

iBonia,S8  lbs. 

Bolphate  of  So- 
(U,  SS  Iba.  .  .  > 

Nothiof .  .  . 
C  Forelf  n  Guano,  I 
I   SSllM.  ....     5 
fTarabulTs  Bri- ) 
\     iiah     Guaao,  > 
i    96  Iba  .  .  . .  > 
fTuraball'f   la-V 
<     provodJBoaea/l    3    0 
(     56  lbs.  .    .     .  )  f 
f  Tiirabuira  Hu- H  ,a    « 
{     ■■a,10biiafc.  >|  '^    ^ 
8oot,10boah....|    9  11 


6    3 


9 
3 

€ 

4 


0 

0 

. 

3 

0 


Good  GraiD. 

tWeiglit 


*«*•»»••  p.  bib. 


Li^btGraiB 


19  91 

IS   23 

19  — 
19  19 
19     4 

19  m 
a    9 

13    30^ 


48^ 
40 

40 
44 
44 

41 

41 
41 


>"^p.bMb. 


t 


Sti&v. 


99^ 


8 

10 

H 
101 

101 


II* 

9*1     - 


770 


#r.«f 
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fixF£SlMSRT  II«— On  Old  Pasture  Qrass  to  he  cut  for  Hay. 

The  Boil  was  of  medium  qaality,  on  stony  clay  sulMoi].  The 
part  of  the  field  expertmeDted  on  was  originally  very  wet,  pro* 
dueing  scarcely  any  better  berbag«  than  rnahes  and  other  eemi* 
aqnatic  plants,  was  drained  in  1885,  has  been  three  years  pastur- 
ed after  a  crop  of  hay  from  yonngf  grass  in  1888 ;  tne  soil  is  of  a 
blackish  friable  texture,  the  subsoil  very  retentive.  The  specifie 
manures  were  applied  on  15th  April,  with  the  exception  of  the 
soot,  which  was  sown  on  the  plot  in  the  experiment  at  the  same 
time  that  the  other  parts  of  the  field  were  dressed  with  soot,  be<* 
iDg  about  the  middle  of  March,  and  by  the  16th  of  April  were 
showing  a  greener  shade  than  the  portion  left  for  experiment. 

April  25. — Observed  the  ridffe  or  plot  No.  5  (sulphate  of  am* 
monia)  looking  dark  in  the  shade,  and  that  the  salt  has  burned 
the  leaves  of  daisies  and  other  broad  leaved  plants ;  the  mpss  or 
ibff  seems  also  to  be  burned,  it  looks  black  and  unhealthy. 

Afay  7. — The  ridges  or  plots  No.  2,  5,  and  7,  looking  decided* 
Jy  better  than  the  rest ;  No.  3  also  seems  farther  advanced  than 
where  no  applications  were  made. 

May  23. — No.  2  getting  on  very  fast,  and  now  looks  as  well  as 
No.  1,  which  has  always  had  the  advantage  (to  appearance)  of 
the  other  plots.  The  grass  on  No.  3  pale  in  colour,  but  taller 
than  where  no  manure  was  applied. 

The  hay  was  cut  on  the  3rd  of  July,  and  the  grass  weighed 
aeon,  i.  e.,  in  a  few  hours  after  being  cut  down,  but  being  very 
sunny  weather  it  was  somewhat  faded  when  weighed.  The  made 
hay  weighed  and  put  into  stack  on 

Each  plat  consisted  of  one-fourth  of  an  imperial  acre, 

BESULTS  OF  EXPE&IDCEMT  II.— HAT. 


Na 


L 


1 

2 

8 

i 

6 

7 
8 


Applications 


Coetof 

•pplica- 

Uoa. 


Soot, 10  bashela 

Nitrate  of  Soda. 40  lbs. 

Sulpkate  of  Soda, 80  lbs. 

Nothing, 


Sulphate  of  Ammonia, . .  40  lbs. 
■"  thing, 


No 


Foreign  Guano, 40  lbs. 

Tun^uirs  BiiL  Guuio,  80  Iba. 


•.  d. 

S  11 

8  111 

4  3i 


8 
5 


_1* 
9k 


rRODUCK. 


OffSM.         Hay. 


lbs. 
2331 
25364 
1936 
1760 
2516i 
2374 
3024 
2841 


lbs. 

970 

10264 

841 

726 

935 

838 

1190 

1044 


tacreaae 
iaHaj. 


lbs. 
188 
2444 
594 

153 


N.  B.  I  take  the  average  of  the  two  plots  which  had  no  ma- 
nnre,  as  the  sum  to  deduct  for  finding  the  increased  produce* 
The  second  column  from  the  right  is  made  hay,  the  third  is  green 
gras8»  weighed  soon  after  being  cut. 
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ExpiannDiT  III.— I/jpon  Wheat 

Boil — a  ffood  strong  loanit  restipff  on  a  heavr  aolwoil  compoari 
of  clay  and  small  stones,  called  till.  The  wheat  was  sown  ia 
November,  1841,  after  a  crop  of  potatoes.  The  field  bad  bees 
JoBff  io  grass  previous  to  1840-~wben  it  was  drained*  and  pkmgli- 
ed  tor  oats  in  the  spring  of  184(^— was  well  dunged  with  fan»- 
yard  manure,  and  was  also  limed  for  the  potato  crop  of  1841,  m 
that  the  field  was  in  very  good  condition  for  wheat. 

The  manures  were  applied  14th  April,  1842,  and  harrowed  ia 
with  a  stroke  of  the  harrows. 

May  10. — The  portion  No.  1  seems  darker  in  shade  than  No.  9 
and  No.  8. 

June  28. — A  calm  day,  with  gentle  rain — many  of  the  kts 
much  bent  down,  as  follows  : — No.  1  much  bent  down.  Na  3 
partly  swirled  and  bent  at  the  end  next  a  planting.  No.  3  sway- 
ed at  east  end  next  the  planting,  not  so  bad  as  No^  2.  Na  4  Imb 
bent  down  than  No.  3.  No.  5  much  bent  down  and  swirkd. 
Nos.  6  and  7  all  standing.  No.  8  partly  laid  down.  No.  9  veir 
much  swirled  and  laid.  All  the  laid  wheat  came  up  again  a  few 
days  after  the  rain. 

The  wheat  was  reaped  with  the  sickle,  and  in  due  cooise 
stacked,  in  good  condition.  It  was  thrashed  on  the  8th  Febrmaiy, 
1843. 

BESITLTS  OF  EZPERDCEIIT   HI.— WHEAT. 


No. 


1 
2 
3 
4 

5 
6 
7 
8 
9 


ApplicatioBt. 


STRAW. 


GRAIK. 


Soot,  10  bnsheli 

TujnbuirsHumaa,  10  but. 

Improved  Bonei 

TurnbnU'a  British  Guano 

Foreij^n  Guano 

Nothing 

Sulphate  of  Soda 

Sulphate  of  Ammonia . . . 
Nitrate  of  Soda 


Tou] 
tity. 

lb*. 
1213 
lOW} 
<J73 
1193 
1049 
1008 
1073 
113S 
1159 


or     ToUl 
DecrMM-.  q"""^^ 


lb«. 
+  80& 
+  47 
—  35 
+  185 
+  41 

+  130 
+  151 


buth.lba. 

13  33 
12  48 
11  58 

14  43 
11  341 


11 
13 


1 

7 


13  38 
13  38 


Experiment  IV. — On  Potatoes. 
Soil — a  medium  loam,  resting  on  gravel  and  sand.     The  field 


*  I  can  ill  reconcile  the  great  produce  from  No.  4  with  the 

when  growing,  and  have  been  soapicioua,  that  notwithstanding ^ 

caution  being  taken  to  avoid  mixing,  some  aheavesef  HtK  5  pioc^  htswi 
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wa0  plougfhed  from  old  gnsf^  tod  sown  with  oats  in  1841 ;  wu 
drained  (where  wet)  and  deep  ploughed  in  the  Autumn  of  1841 ; 
prepared  for  potatoes  in  the  Spring  of  1842»  and  well  dunged  at 
the  rate  of  about  45  tons  of  very  ffood  dung  from  Glasgow^  per 
acre.  The  manures  were  applied  in  addition  to  the  dung,  by 
being  sprinkled  above  the  dung  in  the  driliSf  before  placing  the  set9f 
then  covered  by  reversing  the  drills,  on  the  2l8t  and  22d  of  Aprilf 
1842. 

During  the  season  could  discover  little  or  no  difference  in  the  ap- 
pearance  of  the  portions  dressed  with  the  specific  manures,  from 
where  no  applications  were  made,  the  crop  was  a  very  equal  good 
one  over  all  the  field.  One^fourih  of  an  imperial  acre  in  each 
plot. 


KE8VLT8  OF  IZPBRIMBNT    IV.-— OIT  POTATOES. 


No. 


Manurei. 


1 

2 

3 

4 
5 

6 

7 
8 


Nitrate  of  Soda.  14  lbs 
Sulphate  of  Soda,  28  Iba. 
Salphata  of  Soda,  28  lbs. 
Sulphate  of  Ammon.  14  lbs. 
Foreign  Guano,  28  Iba. 
Turnbuirs  Brit  Gua.  56  Ibi. 
Soot,  7i  bushela, . 
Improved  Bones,  TumbnU's 

56  lbs. 
GypeaiD)  1  bushel, 
Nothing,       .       .       .       . 


Cost 

PaODDCS. 

Increase  +  or 
Decrease  — . 

t.  d. 

toBa.ewt.qn.lba. 

cwL  qra.  lbs. 

4  7* 

8    0    1    24* 

+  1    1    17» 

4  0 

2  19    0    24| 

+  0  0  m 

6  3 
40 
2  6i 

3    0    0     0 
2  19    2    21 
2  15    3    21 

+  0    3    21 
+  0    2    14 
—  3    0    14 

30 

2  19    2    21 

40   2    14 

2  18    1    21 
2  19    0      7 

—  0    2    14 

The  gypsum  used  turned  out  not  to  be  genuine  on  analysis.* 

taken  to  No.  4,  while  the  crop  was  in  stook,  as  it  was  sometimes  necessary 
(during  the  time  the  stooks  were  in  the  field)  to  have  them  repaired,  they 
being  olown  down  once  or  twice. 

The  cost  of  the  applications,  as  also  the  quantities  applied,  of  the  dif- 
ferent manures,  were  tiie  same  as  in  fiiperiment  No.  I.,  on  Oats.  The  light 
grain  is  not  here  taken  into  account,  as  it  was  tuo  trifling  in  quantity  and 
quality  to  be  of  any  importance,  and  neariy  the  same  in  every  case. 

•  Uflt  of  prices  paid  for  the  manures  used  in  the  forecoing  experiments  .*— 
1.  Foreign  Guano    <.---•.-..    &b.  per  cwt. 


2.  TumSuirs  Guano 8s. 


3.  Turnbuirs  Improved  Bones 

4.  Turnbuirs  Humus    -    -    • 

5.  Nitrateof  Soda     -    -    •    - 

6.  Sulphate  of  Soda  (dry)  -    - 

7.  Sulphate  of  Ammonia 


u 


It 
u 


6s. 

Is.  per  bushel. 
258.  per  cwt 

6s. 
20b. 


K 


M 


U 


8.  Soot 3Ad.  per  bushel. 

Nos.  2, 3, 4,  and  T,  were  manuftctwed  and  fiiraiahed  by  Tomboll  «nd 
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REMARKS  UPON  THE  PRECEDING  EXPERIMENTS. 

!<'.  Ejfed  €f  ike  irovghlr-lt  is  to  be  obwrved,  in  tbe  fint 
placet  that  the  great  drought  of  the  eeaeon  ezercieed  ao  nii6  vow- 
able  influence  upon  the  reeult  of  theae  ezperimentB  alaa  It  is 
necestaiy,  tbereforot  to  suspend  our  judgmenta  in  some  measire 
regarding  them — until  future  experiments  in  other  neaaona  skill 
confirm  or  modify  them. 

2^.  Inference*  to  be  drawn  from  the  coUmr  ef  the  crop. — A  nev 
feature  introduced  by  Mr.  Wilson  in  the  account  of  tJ^ese  experi- 
ments is,  the  appearance  presented  by  the  several  crops  at  dif- 
teent  specified  periods  after  the  dressings  were  applied. 

It  is  a  common  thing  for  practical  men  to  estimate  the  relatin 
produce  of  diflbrent  fields  or  parts  of  the  same  field  by  their  appear- 
ance, and  especially  by  the  colour  of  the  growing  crope.  Yet  tia: 
this  is  not  to  be  depended  upon  in  a  com  crop  is  proved  by  tk 
observation  that  up  to  the  end  of  June  appearances  in  theoatfeM 
were  most  in  favour  of  the  nitrate  of  soda*  the  ruaoo  being  seeooi 
and  the  soot  third  in  order.    Yet  when  reape<£  the 

Nitrate  gavs  aa  iaeraam  of  only  2  bgahali  par 

Guano   .  .  .84  Iba.  peracra. 

Soot       .....        6  bushels  par 


The  nitrate  did  give  a  little  more  strew  than  either  of  the  otber 
two^  but  that  the  colour  is  not  an  unfailing  criterion  even  as  to  tbe 
produce  of  straw  or  of  hay  is  shown  by  the  experiments  npoii  otts 
and  upon  hay.  In  both  of  these  crops  the  portions  dressed  wi*.^ 
sulphate  of  soda  are  described  as  ptUe  in  colour^  and  yet  the 
excess  of  produce  over  the  undressed  part  was  as  follows  : — 


In  the  call      -       -     1ft  cwt  straw.        }  Where  the  Sulphate 
Id  the  hay  -        S  ewL  per  acre,    y      implied. 

The  increase  in  neither  case  would  be  deserving  of  much  attes- 

Compaay,  Chemists,  Glasgow.  The  BHtish  Guano,  (Mo.  2)  is  said  laba  aads 
up  as  follows : — 

%  cwt.  of  Sulphate  of  Soda. 

2  cwt  of  Sulphate  of  Ammonia. 

1  cwt.  of  Common  Caibonate  of  Soda. 
15  cwt.  of  Improved  Bones,  manu&ctnred  by  Tamb«U  Ac  Co. 

20  cwt^r  1  ton. 
The  Improved  £kmes  are  said  to  be  half  dissolved  bones,  and  half  mod- 
charcoal.    I  believe  the  bones  include  animal  matter,  as  I  am  iofimaed  thf 
carcasses  of  old  horses,  dtc,  are  all  used  In  the  maanfactore. 

„    ,  Jaitas  Wu^oai. 

FredandErnkbu,  SMk  Febmary^  1843. 


no 

tioii— except  as  BfaowiDg  satisfactorny  that  wron^  conclufliona  tokf 
be  drawn  in  regard  to  the  efficacy  of  manures  and  top-dressings  by 
those  who  judge  only  by  the  eye— and  that  safe  reliance  eon  he 
placed  on  those  comparative  results  only  tohick  tutve  been  tested  by 
weight  and  measure,  I  know,  indeed,  that  practical  farmers 
who  have  applied  nitrate  of  soda  to  grass  land,  and  have  been 
delighted  by  the  beautiful  green  colour  which  followed — have  oc* 
casionaliy  been  disappointed  by  finding  that  after  all  this  promise 
the  weight  of  hay  obtained  was  no  greater  than  upon  the  un* 
dressed  parts  of  Uieir  fields.  As  to  the  feeding  qualities  of  the 
two  kinds  of  hay  no  estperiments  have  yet  been  made)  though 
it  is  known  that  cattle  prefer  that  which  has  been  dre^ed. 

Suggestion  XI — I  put  down  therefore,  as  a  distinct  suggestion 
for  the  purpose  of  drawing  attention  to  the  subject — that  this  plan 
of  specially  noting  the  appearance  of  the  crops  at  stated,  say 
monthly  periods,  should  be  adopted  in  all  future  experiments. 
This  will  serve,  not  merely  to  show  more  clearly  what  kind  of  ap- 
pearances are  to  be  trusted,  and  how  far,  as  indications  of  an  in- 
crease of  crop — but  may  hereafter  prove  of  further  importance 
when  experiments  shall  begin  to  be  instituted  upon  the  feeding 
properties  of  crops  reaped  under  different  circumstances,  and 
raised  under  different  kinds  of  management. 

3°.  Importance  of  having  two  or  more  experimental  plots  similar^ 
ly  treated, — The  experiments  upon  hay  above-mentioned  exhibit 
another  illustration  of  the  fact  adverted  to  in  page  89  of  this  Ap- 
pendix under  the  head  of  limits  of  error,  I  there  drew  the  atten-* 
tion  of  experimenters  to  the  difierence  in  the  produce  obtained  on 
two  equalpatches  of  the  same  field  of  turnips,  to  neither  of  which 
any  dressing  had  been  applied.  At  Erskine  two  equal  plots  of 
grass  in  the  same  field  gave  a  similar  difiTerence  of  produce.  I 
present  both  results  here  for  the  sake  of  clearness.  The  produce* 
per  imperial  acre,  was — 

Buy  It  Enkine.  Turnips  at  Barochaii. 

tona.    ewL  toa«.    cwt. 

lit  plot  . .  . .  4        5  ....  12        17 

Snd  plot  3       3  11         8 

Difierence  12         ....  1         9 

In  my  remarks  upon  the  difference  between  the  two  plots  of 
turnips  (Appendix,  p.  89),  1  expressed  an  opinion  that  diflerences 
equally  great,  depending  not  at  all  upon  the  substance  applied, 
might  be  expected  on  equal  portions  of  those  fields  upon  which 
our  dififerent  saline  manures  may  have  been  applied ; — and  that 
very  erroneous  conclusions  might  thence  be  drawn  in  regard  to 
the  absolute  and  comparative  efllects  of  the  substances  with 
which  our  experiments  are  made  upon  the  crops  to  which  they 
are  applied. 
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I  have  since  met  with  a  oonfirmation  of  this  view  in  a  leeoriof 
two  pairs  of  ezpetiroeDts  made  with  equal  quantities  of  rape  cak« 
upon  equal  plots  of  red  wheat,  in  the  same  season,  and  npoa  ad- 
joining parts  of  the  same  field.*  The  results  of  two  expenmeoti 
with  different  qaantitlea  of  rape^uat  were  as  fbUows : — 

Produce  of  Li^ 

Rape>dtMt  appltod*       aarketoonk  Waiclit  p«r  bochaL  mt^ 

atonaa.                         bash.                        Iba.       ox.  Ite. 

Istplot. .  .594            . .            26                           98        10  « 

Sndplot..    do.                         21           ..           SO         8  ..  €7 

1ft  plot ...    86  S8  53         4  . .  S 

2Dd  plot  . »    do.  22  SI         2  91 

The  differences  hoth  in  the  quantity  and  in  the  vreight  of  the 
grain  reaped,  in  each  of  these  pairs  of  ezperimenta,  are  so  great 
that  had  they  been  obtained  from  plots  of  ground  dressed  wit^ 
diflferent  manures,  we  should  readily  have  ascribed  them  to  the 
unlike  action  of  the  substances  we  had  applied.  Doubts  may 
naturally  arise,  therefore,  when  we  look  at  the  several  tabks  of 
results  contained  in  this  Appendix,  how  far  the  difierences  pm> 
sented  in  them  are  really  due  to  the  unlike  action  of  the  manores 
employed,  and  how  far  to  natural  causes  not  hitherto  investigated. 
Can  all  the  experiments  made  during  these  last  two  years  with 
so  much  care  really  be  vitiated  by  this  source  of  error !  Tbe 
point  must  be  elucidated  by  further  experiment  Should  it  prove 
that  we  have  here  a  general  source  of  error,  it  is  satisSaclorj  at 
least  that  we  have  discovered  it  at  the  threshold  as  it  were  of  oar 
accurate  experimental  inquiries,  and  that  we  can  devise  mesm  of 
avoiding  it  in  future. 

I  therefore  repeat  tbe  Suggsstions  I.  and  IT.,  which  I  ventured 
to  offer  in  page  90  (Appendix),  that  some  of  my  readers,  of  whoa 
I  believe  many  are  interested  in  tliis  subject,  would  in  the  ensoii]^ 
season  ascertain  accurately  the  produce  of  equal  measured  quan- 
tities of  the  same  field,  under  whatever  crop  it  may  be,  and  piib> 
lish  or  transmit  the  result  to  me — and  that  in  all  future  experi- 
ments made  with  the  view  of  ascertaining  the  effect  of  different 
manures  upon  any  crop,  tioo  piots  at  leasts  and  not  a^ahting'  to  emeh 
other^  should  be  treated  alike  in  each  field,  and  the  mean  of  the 
several  results  obtained  with  each  substance  taken  as  the  average 
produce  from  which  their  comparative  effects  are  to  be  estimated. 

These  points  appear  to  me  to  be  of  primary  importance,  aad  to 
lie  at  the  foundation  of  the  structure  I  hope  we  are  uovr  begin- 
ning to  rear  with  the  results  of  inductive  expehmental  agncnl- 
ture. 

40.  Acivmof  tooL — In  these  experiments  a  top-dressin^  of  0oot 
increased  considerably  tbe  produce  of  oats  ana  wheat*  while  it 

*ifrftitiflwhwMpr^L,p>il2. 
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dimioiflhed  the  prodoee  of  potatoes  when  mixed  unih  ^  manoH. 
TbuB  the  produce  per  acre  on  the  dreeeed  and  nndreseed  part* 


Cktt.  Wkett  Potato«ft 

Uiidi«iMd  . .       49  buih.       . .       44  buih.         . .         II  fo&t  16  owl 
DietMd  . . .  •       55  bnah.       . .       64  bmh.         . .         11  tons    3  cwt. 

The  nnfaTonrable  efllect  npon  the  potato  crop  may  probably  Ve 
due  to  the  mode  in  which  it  was  applied*  as  in  other  districts  it  is 
very  useful  to  potatoes,  and  gave,  as  we  have  seen,  when  applied 
alone  to  turnips  an  increase  of  4  tons  per  acre.* 

50  CifmparmUve  action  of  soot  and  of  nitrate  of  lodA^^Tbe  im- 
mediate effect  of  both  these  substances  is  to  darken  the  colour 
and  to  increase  the  growth  of  hay  and  straw.  In  this  respect  the 
advantage  is  rather  on  the  side  of  the  nitrate,  while  the  soot  in 
some  cases  ffives  a  little  more  grain.  Thus  the  increase  of  produce 
per  imperial  acre  of  the  three  crops  of  hay,  wheat,  and  oats^ 
dressed  with  each  of  the  three,  was  nearly  as  follows : — 

Hay.  Whwt.  O&U. 

Ormia.  8cnw. 

Soot 7  cwt      . .      10    btuh.      . .      6    bush.      6  cwt. 

Nitrate  of  aoda ....    9  cwt.      . .      10|  bnsh.      . .     2k  bush.      7  cwt. 
In  both  cases,  however,  the  sooted  grass  was  lighter  per  bushel* 
Thus  their  comparative  weights  were*- 

WhMt  Osts. 

Sooted  58  lbs 41    lbs. 

Nitnted     . .  62  lbs 42Mbs. 

Nevertheless,  the  advantage  to  the  practical  man  is  decidedly 
on  the  side  of  the  soot,  since  the  cost  of  40  bushels  of  soot  per 
acre  was  only  12s.,  while  that  of  1  cwt.  of  nitrate  of  soda  was 
25s.  It  is  only  to  be  regretted  that  soot  is  so  variable  in  its  consti- 
tution that  firm  reliance  cannot  be  placed  upon  the  uniformity  of 
it«  effects. 

6^.  Action  of  guano, — ^In  the  text  Part  III.,  p.  249, 1  have  stated 
the  apparent  conclusion  to  which  the  Erskine  experiments,  taken  in 
connection  with  all  the  others  I  have  yet  met  with,  seem  to  point 
—that  it  is  more  uniformly  successful  when  applied  to  root  than  to 
grain  crops.  The  increase  of  oats  in  the  present  experiment 
did  not  exceed  half  a  bushel  per  acre — though  that  of  hay 
amounted  to  14^  cwt. 

70.  Action  of  sulphate  (fsoda, — I  have  already  noticed  the  efibct 
which  this  salt  has  in  paling  the  colour  of  the  crop,  even  when  the 
produce  of  grass  or  straw  is  increased.  In  regard  to  the  grain  we 
see  in  the  experiment  upon  oats,  that  it  reduced  the  crop  1} 
bushels  per  acre — while  the  wheat  crop  was  increased  10  bushelf 
by  a  similar  application. 

•  Jfr  Fiends  Experiments,  Appendix,  p.  «7.  See  also,  Lsctwe  XVIL 
Fait  III.,  p.  801. 

34 
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Ift  tbii  diftrenee  in  itseibetsdae  to  the  nature  of  tbeidl,  or  tt 
the  special  action  of  the  solphate  npon  the  two  crope  ? 

We  haTO  seen — in  the  experiments  made  in  18^  at  Lsbooi 
Lo?e,* — ^that  the  sulphate  of  soda  diminished  the  oat  crao  15| 
bvshels  per  acre— an  efibct,  however,  whieh  may  be  msiiuy  »• 
cribed  to  the  great  drought  in  that  locality,  since  evennitnteof 
soda  caused  a  diminution  of  12^  bushels.  But  it  also  diii»iU»d 
the  wheat  crop  at  the  same  place  to  the  extent  of  0|  bofibekper 
acre,  but  upon  this  crop  also  the  drought  appeared  to  interfere  witb 
the  natural  action  of  the  several  top-dressingn  which  were  applied 
so  that  no  trustworthy  condosion  can  be  drawn  from  the  offBOi 
results  of  their  action. 

Suggestion  XIL — I  have  already  suggested!  an  interesting  ei- 
periment  with  sulphate  of  soda  in  order  to  teet  the  very  cniiois 
observation  of  Mr.  Fleming,  that  when  applied  to  land  sown  vitli 
artificial  grasses,  it  brought  up  a  crop  consisting  almost  eotiR^ 
of  fescue  grasses,  though  none  of  these  had  been  sown.  I  wovM 
here  suggest  further  that  the  marked  difi^rence  observed  tt  &&> 
kine  between  the  action  of  the  sulphate  up<Hi  wheat  and  oats  sfaoold 
be  further  investigated — with  the  view  of  ohtaining  a  satifiiactan 
answer  to  this  question — Does  sulphate  of  soda  act  lees  fevomahlT 
upon  wheat  than  upon  oats  in  the  same  soil  1  Or  does  an  unlike  Ur 
tion  manifest  itself  only  when  the  soils  are  different  ?  I  fear  tbe  eof- 
gestion  comes  too  late  for  the  present  year,  unless,  as  I  hope, there 
are  experiments  already  in  progress  which  will  throw  light  apoo the 
question.  But  the  suggestion  will  not»  I  believe,  be  o?erk)oked 
when  another  year  comes  round. 

It  is  further  worthy  of  remark  in  regard  to  the  action  of  tbe  sul- 
phate ti  soda  upon  the  wheat  crop — that  the  straw  was  stronger 
and  less  laid  than  where  any  of  the  other  dressings  were  applied. 

8^.  Ac/ton  ofStUphate  of  ammonia, — The  substance  emplt^ed 
under  the  name  of  sulphate  of  ammonia,  as  I  stated  in  apreviom 
part  of  this  Appendix  ^.  94),  is  not  what  its  name  implies.  Tbe 
makers,  tbe  Messrs.  TumbuU  of  Glasgow,  inform  me  that  its 
prepared  by  adding  sulphuric  acid  to  fermenting  urine,  and  erapo- 
rating  to  dryness.!  Though  such  a  substance  must  vary  in  coa> 
position  from  the  urine  from  which  it  is  prepared,  and  must  contain 
more  or  less  ammonia  according  to  the  degree  of  ferroentatio& 
which  the  urine  has  undergone— yet  good  ejects  may  fairly  be  ex- 
pected from  it  I  here  exhibit  the  efi^t  of  1  to  1^  cwt  per  acie 
applied  to  different  crops — 

*  Appendix,  p.  79. 

t  Suggestion  IX.  in  Appendix,  p.  109. 
_  t  In  tbe  text  I  havedeacnbed  it  nnder  the  name  of  nUpkaUd  itrtii«.~Set 
Part  UL  p.  239. 
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UadrwMd. 

DreM«d. 

Wheat   . 

.    •     44   bash.    . 

•    54^  bush. 

Do.,    • 

.    .     SUbush.    . 

>    .    40   bash. 

OatB  . 

.    .     49   bosh.    . 

,    .    60   bush. 

Tornips.     . 

.    .      12{  tons,     i 

.    .    24k  tODB. 

Potatoes.    . 

.     12i  tons.     , 

.    Uk  tons. 

Do, 

>    .       6|  tons.     . 

.    13|  tons. 

Hide  at 
Erskine. 
Osdgirth. 
Erskine. 
.Barochan. 

do. 

do. 

These  results  not  only  recommended  this  substance  to  the  prae- 
tical  farmer,  bat  they  also  enforce  the  remarks  I  have  made  in  the 
text  upon  the  value  of  urine  in  general,  upon  the  large  waste  of 
manure  annually  incurred  by  the  neglect  of  it,  and  upon  the  virtual 
money-loss  which  is  suffered  by  those  who  allow  it  to  escape  from 
their  farm-/ards.* 

9^.  Action  of  Turhlmirs  Tiumux.^— -This  humus,  as  it  is  called, 
is  night-soil  urine  and  mixed  with  charcoal  and  gypsutn,  and  dried 
by  a  gentle  heat  Its  effects  upon  the  wheat  crop  are  in  the  pre- 
sent experiments,  more  favourable  than  any  of  those  I  have  yet 
placed  upon  record.  The  following  experimental  results  exhibit 
the  nature  of  its  action  in  two  localities,  both  in  the  same  neighs 
bourhood : 

Experiment  made  st 
Erskine. 

do. 
Barochan 
do. 
do. 

These  results,  especially  those  upon  the  com  crops,  are  not  so 
beneficial  as  might  well  be  expected  from  a  prepared  night-soil,  and 
they  affi)rd  room  for  the  suspicion  that  the  mode  of  manufacture  has 
been  such  as  to  dissipate  some  of  the  more  valuable  constituents. 

10®.  Experiments  upon  potatoes, — In  the  experiments  upon  po- 
tatoes the  whole  crop  averaged  12  tons  per  acre,  and  the  parts  of 
the  field  to  which  the  artificial  manures  were  added  exhibited  no 
marked  increase  above  this  general  average.  Even  the  mixture 
of  nitrate  with  sulphate  of  soaa«  which  in  so  many  other  cases  has 
proved  beneficial  of  the  potato  crop,  in  this  instance  produced  only 
1  cwt.  of  increase. 

It  may  be  that  the  manure  which  was  added  at  the  rate  of  45 
tons  per  acre  contained  a  sufficient  supply  of  all  those  kinds  of  food 
which  were  added  afterwards  in  the  sahoe  and  other  substances. 
If  so  a  large  crop  could  only  have  been  obtained  by  the  addition  of 
some  other  substance  not  tried,  for  a  loam  of  moderate  quality 
ought  to  be  able  to  produce  more  than  12  tons  of  potatoes  per  acra. 


Uadrened. 

Dressed. 

Wheat   .    • 

•      44   bush. 

.    .    51    bash. 

Oats .    .    . 

.     49    bush. 

.    .    45  bash. 

Turnips.    • 

12|  tons 

.    .    13f  tons 

Do.    .    . 

.     12   tons 

.    .    17   tons 

Potatoes    . 

6|  tons 

.    .    lOitons 

*  See  Lecture  XVIII.,  p.  MO. 


Or  it  may  be  that  these  sanie  artificial  manvrea  would  hafe  fno- 
dnced  a  larger  increaae  had  thej  been  put  on  as  a  top-dnmg 
after  the  crop  had  come  up,  instead  of  being  spread  npoa  tbeoA- 
nure  before  tne  potatoes  were  planted  upoa  it.  In  the  ezperiiaeoii 
of  Mr.  Fleming  made  with  especial  reference  to  this  point,^  it  «u 
found  that  a  larger  proportionate  increase  was  obtained  from  tlw 
same  saline  substances  applied  in  equal  quantities  to  the  pouto 
crop  when  they  were  spreaa  upon  the  manure^  than  when  tkegwktrt 
applied  as  a  top-dressing  tfier  the  crop  had  come  up.  Still  ibe  ei- 
periments  in  his  case  being  made  in  different  fields.  I  staled  tint 
the  point  was  not  to  be  considered  as  established,  bat  wasdeeen- 
ing  of  further  investigation.  This  opinion  is  strengthened  bj  tbe 
results  of  these  experiments  of  Lord  Blantyre :  1  would,  tbmfoi^ 
beg  to  oSer  as 

Suggestion  X/JI-^That  the  application  of  saline  bwdiiiv  to 
the  potato  crop— -either  when  the  trial  is  made  for  the  psipoietf 
obtaining  practical  information,  which  may,  hereafter,  be  nloiUe 
as  a  g^uide  to  the  operetions  of  the  larmer,  on  the  land  where  bis 
experiments  are  made,  or  for  that  of  arriving  at  results  which  oif 
be  theoretically  useful — that  the  same  proportions  shooldbeip- 
plied  to  two  or  more  plots  buried  with  the  manure,  and  to  two  or 
more  dusted  on  as  a  top-dressing.  From  an  accumnlatioBofm* 
suits  obtained  in  both  ways,  we  shall  be  able  to  extract  sooietkiiif 
like  a  principle  by  which  practical  men  may  be  easily  ffoided  m 
that  direction  which  is  likely  in  the  greatest  number  ofcaies  to 
lead  to  the  greatest  amount  of  profit 

ll<^.  Water  in  the  potatoes,-^!  will  here  add  one  other  obeerra> 
tion  upon  the  potato  experiments.  There  was,  as  we  have  aln*' 
dy  remarked,  no  notable  difierence  in  the  weight  of  crop  wsf^ 
upon  the  several  patches.  But  the  quality  of  the  crop— the  wef  1* 
of  dry  food  raised  upon  the  several  patches— might  really  bedift^ 
ent  notwithstanding.  In  my  remarket  upon  the  Barochao  czpen* 
meats  upon  potatoes,  made  in  1842, 1  have  dnwn  attentios  to  tbe 
fact  that  potatoes  Eometimes  contain  as  much  as  SO  ner  cent  of  dry 
food,  and  at  other  times  as  little  as  20  per  cent»and  theiefbretliit 
a  ton  of  potatoes  of  one  kind  may  contain  6  cwt^  while  the  euw 
weight  of  another  contains  only  4  cwt  of  diy  nourishment  It  my 
be,  thereforei  that  as  by  growing  in  unlike  soils  or  with  nneqaal 
degrees  of  rapidity  our  poiatoes  may  contain  difierent  proportioos 
of  water,  so  bv  difierent  kinds  of  dressings  which  act  in  the  itf* 
way  as  natural  difforences  of  soil,  and  cause  the  plants  to  defelop* 
themselves  with  greater  or  less  rapidity,  ihe  same  effecU  toxf  te 
produced.    One  kind  of  saline  substadce,  such  as  nitrate  of  eofh, 

*  Appendix,  pp.  74|  TSand  lOO-  t  Ibid,  p.98. 
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by  hastening  the  growth*  may  give  na  a  crop  of  potatoes  contain- 
ing much  water,  while  another,  such  as  sulphate  of  soda,  by  re- 
taking the  growth,  may  give  a  crop  containing  less  water — ^and 
tbas  though  there  may  be  no  di&rence  in  the  weight  of  the  two 
crops,  they  may  be  very  unlike  in  the  relative  proportions  of  food 
they  contain. 

U  such  be  the  case  it  is  of  ^eat  practical  importance  to  deter- 
mine the  quantity  of  water  which  our  several  experimental  potato 
crops  contain,  since  without  this  we  may  draw  very  incorrect  con- 
clusions as  to  the  value  of  our  experimental  manures — placing  the 
highest  value  upon  that  which  gives  the  greatest  weight  ofraw 
material,  and  esteeming  least,  perhaps,  that  which  produces  the 
greatest  weight  of  dry  fcxid. 

I  would  again,  therefore,  draw  the  attention  of  my  readers  to  the 
subject  of  Suggestions  IV.  and  VI.,"'  in  reference  to  the  determi- 
nation of  the  quantity  of  water  in  their  experimental  root  crops. 
The  method  of  doing  this  is  very  simple,  and  has  already  been  de* 
Bcribed.t 

Each  new  series  of  experimental  results  we  are  called  upon  to 
examine  and  analyze  wilt,  I  hope,  more  and  more  satisfy  my  rea- 
ders, as  they  do  myself,  that  this  is  the  true  line  of  procedure,  and 
that  though  there  may  be  much  in  our  results  at  first  which  may 
appear  contradictory  and  discouraging,  yet  that  out  of  these  crude 
results,  when  combined,  compared,  and  frequently  repeated,  the 
real  substance  of  a  rational  agriculture  will,  slowly  it  may  be  and 
with  difficulty,  yet  surely  at  last  be  extracted. 

*  Appendix  p.  96,  and  100.  t  Appendix,  p.  97. 
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